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ABSTRACT 
THE STATUS OF FIVE STATE-LISTED TIDAL PLANT SPECIES IN NEW HAMPSHIRE 
WITH EMPHASIS ON POTENTIAL IMPACTS OF SEA LEVEL RISE. 
by 
Lauren A. Kras 
University of New Hampshire, May, 2012 
Tidal habitat in New Hampshire is restricted to 162 miles along coasts and estuaries. 
Limited area combined with anthropogenic impacts has caused 27 tidal plant species to be 
listed as threatened or endangered. In 2009 and 2010, the status of four threatened species: 
Eieocharis parvula, Samolus valerandi, Lilaeopsis chinensis, and Agalinis maritima and one 
endangered species Salicornia bigelovii was examined. To guide management and 
conservation, the historic and current distributions were compared and habitat features were 
determined. All five species were stable; however, S. valerandi and L. chinensis appear 
threatened by sea level rise and coastal squeeze as they occurred in upper elevation marsh 
communities. Elevation of both species and marsh zones were measured and area available 
at different sea level rise increments was calculated. A rise of 0.56 m for S. valerandi, and 
0.96 m for L. chinensis would cause complete loss if no restoration efforts are made. 
x 
CHAPTER 1 
THREATS TO RARE, THREATENED, AND ENDANGERED SPECIES OF NEW HAMPSHIRE'S 
TIDAL HABITATS 
Biodiversity crisis 
Biodiversity is widely considered a critical component of ecosystem health; however, 
global extinction rates remain high (Worm et al. 2006; Lenzen et al. 2009). Extinction of any 
species may adversely affect the "goods and services" ecosystems currently provide (Costanza 
et al. 1997; Queheillalt et al. 2002; Chmura et al. 2011; Worm et al. 2006). Often, loss of 
biodiversity is attributable to anthropogenic activities (Forester and Machlis 1996; Lenzen et al. 
2009; Valiea et al. 2009). The growth of human population from approximately 1.5 billion in 1900 
to 6 billion in 2000 has led to development, the conversion of forests to agricultural lands, the 
introduction of invasive species and the degradation of natural systems (Valiela 2006; Valiela et 
al. 2009). Such changes have directly led to the loss of many species (Queheillalt et al. 2002; 
Worm et al. 2006; Lenzen et al. 2009). Extinctions are expected to continue as population is 
projected to increase by 30% by 2050 (Valiela 2006; Valiela et al. 2009). Human activities are 
further stimulating species loss by altering natural processes including an increase in mean global 
temperature, change in precipitation patterns, accelerated sea level rise, rapid thermal expansion 
of the oceans, and an increase in natural disasters, (IPCC 2007; Horton and McKenzie 2009). 
Alterations in these processes fall under the umbrella of climate change. While the complete 
repercussions of climate change are difficult to predict, it is widely accepted by scientists that 
many processes are being affected individually, each of which have stark consequences for the 
natural world (IPCC 2007; Rhamstorf 2007; Pfeffer et al. 2008; Horton and McKenzie 2009). Salt 
1 
marshes are particularly threatened due to the potential direct impacts of sea level rise (Orson et 
al. 1985; Warren and Niering 1993; Crain et al. 2004). While all species are potentially 
impacted by human activities, some are under greater pressure and/or are most likely to become 
extinct due to their locations, reproduction strategies, population sizes, or other characteristics. 
Such species are frequently protected on either a local, state, national, or international level and 
may be labeled as rare, threatened, or endangered to reflect their status. Extinction may occur 
on any level: local, regional, or national; and while the more widespread an extinction the more it 
may cause concern, local extinctions should not be overlooked as each system's health is 
reflective of overall condition and each species contributes to "goods and services" of its habitat 
(Costanza et al. 1997). 
By protecting one species from extinction, other rare species groups and rare habitats 
are oftentimes also protected (Dobson et al. 1997). The maximum protection of other species 
groups comes from the conservation of plant species (Dobson et al. 1997). In New Hampshire, 
27 or 8% of plant species state-listed as rare, threatened, or endangered occur within tidal 
systems along the coast (Table 1.1). The total area of salt marsh and brackish marsh habitat 
occupies approximately 1% of the state. Rare species occurring in such areas may be, in part, 
implicitly linked to the scarcity of habitat. While coastal communities are rare themselves in the 
state, they remain important ecological components and protecting these habitats and the 
species within is critical to the long-term health of the state's natural heritage. 
Threats to Coastal Communities 
Development and associated impacts 
Coastal communities are frequently under the greatest pressure from human impacts as 
development rates and population size increases along coasts (Valiela 2006; Valiela et al. 2009). 
Such high development rates have negatively impacted the quality and quantity of salt marsh 
communities throughout the world including New England (Dunlop and Crow 1985; Bertness et 
al. 2002; Bromberg and Bertness 2005). Habitat destruction has amounted to multimillions of 
dollars of losses for commercial fishery and recreational uses in the United States (Costanza et 
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al. 1997; Kenriish 2001; Chmura et al. 2011). New Hampshire's coastal habitats experience 
added pressured as there is only 18 miles of immediate coast line and the conversion of marshes 
for agricultural, residential, and industrial purposes has further constrained this habitat (Dunlop 
and Crow 1985; Kennish 2001; Bertness et al. 2002). 
Development not only threatens tidal communities by the direct destruction of habitat, but 
by altering natural ecological processes. Shoreline development explains 90% of the invasion of 
common reed, Phragmites australis (Bertness et al. 2002, Minchinton and Bertness 2003). It 
thrives in disturbed areas, reproduces vigorously, and can access fresh water deep below the 
surface of the marsh (Adams and Bate 1999). P. australis is a primary competitor with salt marsh 
plants including rare, threatened, and endangered species as it shades out competition by 
forming large clonal stands (Bertness et al. 2002; Minchinton and Bertness 2003; NHNHP 20006; 
Moore et al. 2009a). It appears that in the United States, P. australis does not provide the same 
ecological services provided by native species (Teal and Weistein 2002; Hunter et al. 2006). 
Erosion due to agricultural practices and activities such as dredging (NYNHP 2006) has 
altered soil structure which can result in permanent alterations of marsh communities (Nichols 
1920; Miller and Egler 1950; Jordan et al. 1990; Allison et al. 1995). These activities have also 
led to sedimentation and siltation along coastal systems limiting the productivity of plants (Nichols 
1920; Jordan et al. 1990; Allison 1995; Kennish 2001). Additionally, siltation limits the ability for 
seeds to germinate and establish populations while existing populations have difficulty in 
recolonizing areas with siltation and sedimentation (Nichols 1920; Jordan et al. 1990; Allison 
1995; Parsons and Zedler 1997). While there has been some effort to reforest shorelines to limit 
erosion, success has been limited (Kennish 2001; Valiela et al. 2009). 
Changes in land use in coastal communities has increased storm runoff, leading to 
changes in salinity and thereby altering the natural conditions plants have adapted to grow within 
(Schuyler et al. 1993; Bertness et al. 2002; Windham and Ehrenfeld. 2003; Cain et al. 2004). The 
structure of tidal marsh plant communities is dictated by salinity gradients; species are sorted 
across gradients due to variation in tolerance to competition and stress from salinity levels 
(Bertness and Ellison 1987; Ayala 1995; Ewanchuck and Bertness 2004b; Crain et al. 2004; 
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Gedan and Bertness 2009). There are many identifiable community zones within a salt marsh. 
Some of the most commonly found are high marsh, low marsh, and forb pannes (Bertness and 
Ellison 1987; Crain et al. 2004; Ewanchuck and Bertness 2004b). Each zone has a specific 
group of plants associated with it and is characterized by a consistent hydroperiod and salinity 
range (Bertness and Ellison 1987; Ewanchuck and Bertness 2004b; Sperduto and Nichols 2004). 
Alteration to salinity may render such areas inhospitable to plants (Bertness et al. 1992). Rare 
tidal species are of particular concern with respect to such alterations as they are frequently 
limited to a narrow habitat range (Bertness et al. 1992; Moore et al. 2009a) and tend to be unable 
to physiologically adapt quickly to changing environments (Parsons and Zedler 1997; Kennish 
2001; Bertness et al. 2002). 
Climate Change 
While anthropogenic impacts have and will continue to alter salt marshes, climate 
induced sea level rise is likely to pose additional threats to the ability of rare, threatened and 
endangered species to survive in their native tidal habitats within the near future (Warren and 
Niering 1993; Crain et al. 2004). While a concern for all tidal communities, sea level rise poses 
even more serious threats to rare species which live in narrow habitat ranges and within a limited 
range of specific conditions (Warren and Niering 1993; Bertness et al 2002; Crain et al. 2004). 
While tidal habitats are incredibly adaptive (Orson et al. 1985; Warren and Niering 1993; Morris et 
al. 2002), natural and artificial barriers lead to coastal squeeze and the loss of these areas 
(Doody_2004). The IPCC (Christensen et al. 2007) defines coastal squeeze as "The squeeze of 
coastal ecosystems (e.g., salt marshes, mangroves and mud and sand flats) between rising sea 
levels and naturally or artificially fixed shorelines, including hard engineering defenses." 
In New Hampshire, brackish tidal riverbank marshes are susceptible to coastal squeeze 
as they are steep, narrow fringe marshes restricted to tidal sections of coastal rivers and large 
streams below the lowest dams (Sperduto and Nichols 2004). These habitats are of interest 
themselves because they are considered "exemplary communities" (habitats that are rare and/or 
of high quality) by New Hampshire Natural Heritage Bureau (Sperduto and Nichols 2004; Moore 
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et al. 2009a). They have also been shown to provide important ecosystem services and 
functions (Morgan et al. 2009). However, as they are adjacent to steep slopes and dams, such 
populations may often be bordered by an inland barrier to plant migration (Doody 2004; IPCC 
2007). If sea level rise exceeds the elevation of the lower edge of such barriers, this natural 
community may cease to exist in New Hampshire. It is also possible that sea level rise might 
increase habitat for some rare species as some are found almost exclusively in waterlogged forb 
pannes (Bertness et al. 1992) and the total area of these pannes is likely to increase given sea 
level rise (Warren and Niering 1993). 
The physical increase in sea level rise is not the only danger to tidal species from climate 
change. Climate change will likely also affect mean global temperature, C02 concentration, 
salinity, hydroperiod, and competition; processes that may influence tidal marshes (Warren and 
Niering 1993; IPCC 2007; Gedan and Bertness 2009). Gedan and Bertness (2009) 
demonstrated that warming will likely cause rapid loss of forb pannes and hypothesized that 
these effects will outpace the potential benefits of sea level rise for this community zone. How 
different salinity and hydroperiod will be is difficult to predict as numerous factors will influence 
how these factors change (IPCC 2007). As mentioned, tidal marsh communities have adapted to 
the current conditions, and any alterations to these patterns may change how communities are 
structured. Bertness et al. (1992) demonstrated that rare plants live in highly physically stressful 
environments and hypothesized that they survive here as competition with other species is lower. 
It may be the case that these species can survive in less stressful environments (e.g. areas with 
lower salinity) if competition from other plants does not exclude them (Bertness et al. 1992; 
Ewanchuck and Bertness 2004a; Ewanchuck and Bertness 2004b). Any shift in current salinity 
and hydroperiod will alter gradients that may dictate zonation (Gedan and Bertness 2009). Such 
changes can cause local extinctions (Harley 2003; Harley et al. 2006). A clear understanding of 
the biology and ecology each species (including distribution, habitat features, reproduction, 
physiological limitations, etc.) can guide conservation efforts to protect biodiversity and 
ecosystem health in order to ensure goods and services are maintained (Gedan and Bertness 
2009). 
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Conserving New Hampshire's Rare Tidal Plants 
To further our understanding of the status of tidal marsh communities and the rare plants 
within, five state listed plant species was examined. Current distributions were mapped and site 
specific features were documented to aid in our understanding of the habitat requirements of 
each species. Additionally, current and future threats to these species were analyzed. In 
particular, the extent to which sea level rise will affect selected species was examined. Such 
information will guide management decisions aimed at conserving the proper habitat for these 
rare, threatened, and endangered species and their communities in New Hampshire. 
The five species chosen include four state-endangered species (Agaiinis maritima, 
Lilaeopsis chinensis, Salicornia bigelovii, and Samolus valerandi ssp. parviflorus) and one state-
threatened species (Eleocharis parvula) (Figure 1.1, Figure 1.2; Table 1.2). These species were 
chosen as they appear well-adapted to a fluctuating oligohaline to mesohaline tidal regime. It is 
suspected that these species may be experiencing or may soon experience declines tied to the 
previously discussed anthropogenic effects on the physical, hydrological, and/or chemical 
structure of the communities in which these plants grow. Understanding the site-specific features 
of the habitats where these rare species thrive was important as they had not yet be documented 
and may be significant for understanding and predicting population trends, as well as for 
informing current and future conservation and management efforts intended to ensure their long-
term survival. This is important on a regional scale as four of these plants are listed in other New 
England states (Table 1.3). Additionally, three of these plants (E. parvula, S. pvalerandi ssp. 
parviflorus and L. chinensis) are found almost exclusively in brackish tidal riverbank marsh which 
provided a unique opportunity to examine how coastal squeeze might impact this system and 
specific rare species. 
These five species have been assigned their status by the New Hampshire Natural 
Heritage Bureau (hereafter NH NHB). NH NHB has been monitoring New Hampshire's plant 
species since 1987 when the Native Plant Protection Act (RSA 217-A) was created. In order to 
fulfill the mandates of RSA 217-A, NH NHB developed a database of rare plant, rare animal, and 
exemplary natural community occurrences throughout the state. This database includes 
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information as to the condition and degree of rarity of these species. As part of its work, NH NHB 
is charged with determining the necessary protection and requirements that New Hampshire's 
native plant species require to survive. Additionally, NH NHB is responsible to assign and 
determine which species are of concern and the extent to which they are threatened. Currently 
there are 398 plant species listed as threatened or endangered in the state and an additional 252 
species within the state which are in need of additional review (NH NHB 2010). A number of 
plants in need of additional review are probably not rare and have just been overlooked within the 
state. Other plants in need of additional review include new records for the state and would be 
listed as rare, but require verification before receiving official listing from NH NHB (NH NHB 
2010). 
The designation of endangered status is given to "native plants with three or fewer 
natural occurrences in the state observed within the last 50 years, or plants with more than three 
occurrences which are, in the judgment of experts, especially vulnerable to extirpation". The 
status of threatened applies to "native plants documented as having 10 or fewer natural 
occurrences within the last 20 years or that are otherwise threatened by extirpation due to habitat 
loss or other factors." Rare plants are considered "candidates for listing as Endangered or 
Threatened". This includes 187 plant species which (a) have 20 or fewer populations in the state, 
(b) show evidence of recent decline, or (c) occupy habitats that are seriously threatened. 
NH NHB works with landowners and land managers to help protect the State's natural 
heritage while meeting their land-use needs. Additionally, they distribute information regarding 
the condition and protection of these species and their habitats. However, NH NHB does not 
have any regulatory power to enforce the protection of state listed species. With limited funding 
and 650 plants to track, NH NHB field surveys are largely limited to presence/absence and 
management suggestions are based on the available literature for any given species. Yet, for 
many species, little is known. 
Significance of Study 
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Prior to this study there was little to no literature available about the conservation of the 
five study species in New Hampshire. By combining knowledge available from other studies with 
the updated understanding of the distribution and habitat characteristics of New Hampshire's 
populations that this study provided, land managers will be able to make informed conservation 
decisions to protect not only these species, but the exemplary communities in which they live. 
When conservation is not possible, or if populations have already disappeared, information about 
habitat and specific site features can be used to guide restoration efforts. It may be possible to 
combine rare plant habitat knowledge with tools such as the SMART model (Rogers et al. 2007) 
which is used to predict plant community types under a restoration scenario. Identifying areas 
with higher rare plant habitat potential would help prioritize proposed restoration projects. 
The data acquired in this study may also be useful for long term monitoring of effects of 
anthropogenic impacts on these populations. It may serve as the baseline for further studies 
examining the specific effects of altered hydrology, habitat degradation or elimination, and/or 
climate change effects such as sea level rise. Such studies are critical components to a long 
term conservation plan. For example without modeling how sea level rise will impact available 
habitat throughout the region in the long-term, restoration and conservation efforts may be 
misplaced in areas where there will only be short-term habitat available. By combining 
information attained in this study with models predicting habitat types and expanded future work 
on anthropogenic impacts and climate change, conservation and restoration efforts ensuring the 
long term resilience of exemplary habitats and listed species can be made more efficient and 
effective. 
Objectives: 
1. Relocate populations of the five brackish/salt marsh plant species using historic 
population records from New Hampshire Natural Heritage Bureau (NH NHB); and 
2. Survey similar habitats to locate new or unrecorded populations of the five rare species to 
update NH NHB's database of rare plants and to map the current and historic distribution 
of the five species within New Hampshire; and 
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3. Predict changes in area of suitable habitat for the rare, threatened, and endangered 
species given a variety of sea level rise scenarios. 
9 
Table 1.1. State Rare (R), Threatened (T), Endangered (E), and Extirpated (X) species for New 
Hampshire's Tidal Communities and their habitat (B = Brackish marsh, S = Salt marsh). (NH NHB 
2007). 
Species Habitat Status 
Aqalinis maritima (salt-marsh gerardia) S E 
Bidens hyperborea (northern beggarticks) B E 
Cardamine longii (Long's bitter cress) B E 
Chertopodium rubrum (coast-blite goosefoot) S E 
Cirsium horridulum (yellow thistle) S E 
Crassula aquatica (pygmy weed) B E 
Echinochloa walteri (coast barnyard grass) S/B E 
Eleocharis parvula (small spike-rush) S/B T 
Eleocharis uniglumis (salt-loving spike-rush) S/B T 
Hibiscus moscheutos (seaside mallow) S E 
Honckenya peploides ssp. robusta (sea chickweed) S X 
Iris prismatica (slender blue flag) s E 
Isoetes riparia (river bank quillwort) B E 
Iva frutescens ssp. oraria (marsh elder) s T 
Leptochloa fusca ssp. fascicularis (salt-meadow grass) S E 
Lilaeopsis chinensis (eastern lilaeopsis) S/B E 
Limosella australis (mudwort) B E 
Pluchea odorata var. succulenta (salt marsh fleabane) S E 
Polygonum prolificum (prolific knotweed) S E 
Puccinellia tenella ssp. langeana (tundra alkali grass) S E 
Sagittaria montevidensis ssp. spongiosa (spongy-leaved 
arrowhead) B E 
Salicornia bigelovii (dwarf glasswort) S E 
Samolus valerandi ssp. parviflorus (false water pimpernel) B E 
Salicornia ambigua (perennial glasswort) S E 
Stuckenia pectinata (sago pondweed) S E 
Suaeda calceoliformis (horned seablite) S T 
Symphyotrichum tenuifolium (large salt marsh aster) S E 
Zannichellia palustris (horned pondweed) B E 
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Table 1.2. Species examined and their towns where there are historical and/or current records (NH NHB 2011). BTRM = Brackish tidal riverbank 
marsh, FP = Forb Panne, SM = Saltmarsh. 
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chinensis maritima bigelovii 
Family: Cyperaceae Primulaceae Apiaceae Scrophulariaceae Chenopodiaceae 
Conservation 
Status: Threatened Endangered Endangered Endangered Endangered 
Habitat: BTRM to SM BTRM BTRM FP, SM FP, SM 
Life Cycle: Annual/ Perennial Perennial Perennial Annual Annual 
Distribution: 
Dover X X X X 
Durham X X 
Exeter X 
Goffstown X 
Greenland X X X 
Hampton X X X 
Hampton Falls X X X 
Madbury X 
Newmarket X X X X 
Portsmouth X X 
Rollinsford X X X 
Rye X X X 
Seabrook X X X 
Stratham X X 
Table 1.3. Recent change in the status of five selected plants in New Hampshire and their status in other states where listed. (SC = Special 
Concern, S = Sensitive, T =Threatened, E = Endangered, X = Extirpated). 
Species NH • 2008 
NH -
2011 ME CT NY Rl Ml OH PA WA 
Agalinis maritima T E SC 
Eleocharis parvula T T T E E 
Lilaeopsis chiriensis T E T SC T X 
Salicornia bigelovii E E SC T 
Samolus valerandi ssp. 




Figure 1.1. North American distribution for the five study species (a = Agalinis maritima, b = 
Salicornia bigelovii, c = Eleocharis parvula, d = Samolus valerandi ssp. parviflorus, e = 
Lilaeopsis chinensis). Shaded represents occurrence of species. One record within a state is 
enough to reflect presence. (USDA 1997) 
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Figure 1.2. Five study species (a = Agalinis maritima, b = Salicornia bigelovii, c = Eleocharis 
parvula, d = Samolus valerandi ssp. parviflorus, e = Lilaeopsis chinensis. 
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CHAPTER 2 
RE-EVALUATION OF THE DISTRIBUTION OF FIVE STATE-LISTED TIDAL PLANT SPECIES 
IN NEW HAMPSHIRE 
Introduction 
Rare plant protection in New Hampshire 
In New Hampshire, 398 plant species are considered threatened and endangered on a 
state wide level (NH NHB 2011). As a result of the Native Plant Protection Act (RSA 217-A), 
monitoring and management of these plants is the responsibility of New Hampshire Natural 
Heritage Bureau (hereafter NH NHB). They aim to fulfill their responsibility through three main 
processes: (1) inventory, (2) tracking, and (3) interpretation (NH NHB 2011). To inventory the 
state's natural heritage, NH NHB classifies biodiversity by studying more than 190 natural 
communities and 630 plant species. As part of this work, NH NHB looks to detect new 
occurrences of sensitive species (NH NHB 2011). Private land is only surveyed with landowner 
permission. Documented incidences of rare, threatened and endangered (or RTE) species are 
tracked in a database which contains over 6,000 plant, animal, and natural community records 
(NH NHB 2011). This information is communicated with land managers to promote the protection 
of exemplary natural communities and populations RTE species (NH NHB 2011) which are often 
found within such communities (Sperduto and Nichols 2004; Moore et al. 2009a). NH NHB is not 
in charge of punishment/regulation and compliance of private landowners is voluntary as there 
are no state laws protecting RTE plant populations on private land (Sara Cairns, NH NHB, 
personal communication, 2008 & 2011). 
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The classification of rarity is based primarily on the total number of populations in the 
state; however, likelihood of extirpation is also considered in this process (NH NHB 2010). 
Endangered status is assigned to native plant species with three or fewer known populations 
within the last 50 years. Additionally, plants considered to be "especially vulnerable to 
extirpation" are listed as endangered. This status applies to 317 plant species as of January 
2011 (NH NHB 2011). Threatened plant species have 10 or fewer documented populations 
within the last 20 years or are considered "threatened by extirpation due to habitat loss or other 
factors". Currently, there are 81 threatened plants in New Hampshire (NH NHB 2011). 
NH NHB defines a population of a RTE species as a single or group of subpopulations 
where there the next closest subpopulation is 1 kilometer or greater away (Sara Cairns, NH NHB, 
personal communication, 2008 & 2011). Subpopulations refer to any group or cluster of 
individual plants within a 1 kilometer buffer (Figure 2.1). This allows NH NHB to use GIS software 
to easily determine the number of total populations in the state. An arbitrary definition is 
necessary for monitoring and management purposes as little is known about the population 
dynamics of RTE species and the ability for RTE species to exchange genetic material within the 
state (Sara Cairns, NH NHB, personal communication, 2008 & 2011). 
As NH NHB tracks over 630 species, many sources of information are used to determine 
the listing of species (NH NHB 2011). Since NH NHB receives limited funding and has a small 
work force, sites are often spot-checked; meaning historic sites are re-visited but nearby areas of 
similar habitat are not explored (NH NHB personal communication). For RTE species, status is 
almost entirely determined by population number. Therefore, the number of surveys focusing on 
a species and the timing of these surveys has a dramatic impact on how species are classified. 
Other sources such as publications and herbarium collections are also considered when 
available; however, direct reports to NH NHB are assimilated more quickly. 
Rare coastal plants 
In New Hampshire, some of the most unique areas with RTE species are coastal 
habitats. Costal habitats contain a number of exemplary communities and have high densities of 
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RTE species. Tidal marsh habitat is home to approximately 8% of the New Hampshire's state-
listed plant species (NH NHB 2008) despite only covering about 1% of the state's total area 
(NRCS 1997). Tidal habitats are regarded as some of the most productive ecosystems in the 
world (Kennish 2001). Yet, despite their ecological significance, salt marsh and the rare species 
within are threatened by numerous anthropogenic activities. Many of New England's salt marsh 
communities have been lost or negatively impacted due these activities (Bertness et al. 2002). 
Development has led to conversion of marshes for agricultural, residential, and marine 
dependent industrial purposes (Kennish 2001). This conversion allowed for land use changes 
leading to ditching, dredging, and siltation which have permanently impacted structure of marsh 
communities (Nichols 1920; Miller and Egler 1950; Jordan et al. 1990; Allison et al. 1995). These 
activities specifically threaten rare plant species as they have been shown to destroy forb pannes 
(Ewanchuck and Bertness 2004a) which are inhabited by rare plant species (Bertness et al. 
1992). Alterations in salinity have been documented in these communities due to increased 
runoff (Schuyler et al. 1993; Windham and Ehrenfeld 2003; Cain et al. 2004). Rare tidal plant 
species are threatened by such changes as they tend to only occur within a narrow range of 
conditions (Bertness et al. 1992; Parsons and Zedler 1997; Bertness et al. 2002; Moore et al. 
2009a). Phragmites australis ssp. australis, an invasive species which is a non-native haplotype 
thrives in disturbance, reproduces vigorously, and shades out competition, also impacts these 
communities (Saltonstall 2002; Bertness et al. 2002; Minchinton and Bertness 2003; Saltonstall et 
al. 2004; NHNHP 2006). Bertness et al. (2002) determined that P. australis is capable of 
reducing species richness by 5-fold. While few studies have examined the impacts of P. 
australis on rare tidal plants, Farnsworth (2004) showed that invasive species in New England 
pose threats to an average of 38% of all rare plant populations and that these populations 
showed higher rates of decline as compared to populations where invasive species were not 
present. 
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Need for study 
The only recent study examining changes in a rare tidal plant's population in New 
Hampshire examined the current status of Lilaeopsis chinensis (Moore et al. 2009a). At the time, 
L. chinensis was considered threatened in New Hampshire and Moore et al. (2009a) found that 
populations of L. chinensis appeared stable. While some sites experienced losses, these were 
offset by the discovery of expansions elsewhere. Moore et al. (2009a) found P. australis at all 
historic sites which no longer contained state listed L chinensis. Losses at these sites were 
attributed to a variety of factors including changes in pore water salinity (Moore et al. 2009a). It 
was speculated that sites which experienced loss may have physically unfavorable conditions for 
growth of L. chinensis as they differed in topography, associated plant species, canopy presence, 
and tidal influence (Moore et al. 2009a). It was observed that Samolus vaierandi ssp. pan/iflorus, 
another state threatened species, occurred within the same communities and river systems 
where L. chinensis occurred. However, E. parvuia, another state threatened species which was 
historically found along these river systems was noted to be absent. However, the populations 
may have senesced as surveys were conducted in late fall (Moore et al. 2009a). 
Expanding and updating our knowledge on the biology and distribution of these species 
is essential for accurate NH NHB status determinations. By recognizing trends within and 
between RTE tidal species, knowledge will be advanced pertaining to their ability to respond to 
environmental changes and the long term stability of their populations. Documenting habitat 
characteristics and identifying the range of conditions in which these species grow will increase 
our knowledge about these species allowing for more effective conservation efforts. As RTE 
species occur in narrow habitat ranges, understanding their current distribution and closely 
monitoring populations may serve as an indicator of the overall health of tidal marshes. Changes 
in populations may be early warning indicators of environmental problems. To fill gaps in the NH 
NHB database and provide an updated understanding of tidal RTE plant populations and the 
environmental conditions affecting these populations, five species were selected for study: 
Agalinis maritima (Endangered), Lilaeopsis chinensis (Endangered), Salicornia bigelovii 
(Endangered), Samolus vaierandi ssp. parviflorus (Endangered), and Eleocharis parvuia 
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(Threatened) (Table 1.2). These species were chosen as they come from two unique 
communities which provide habitat for a large number of RTE species: brackish tidal riverbank 
marsh and salt marsh forb pannes. Furthermore, all of these species are listed elsewhere in the 
United States, and all of the species except E. parvula are listed elsewhere in New England 
(Table 1.3). A current reexamination of these species is timely because 87% of the 
subpopulations of these five species had not been visited in the past 10 years by NH NHB (NH 
NHB 2008; NH NHB 2011) (Table 1.3). The lack of recent inventory was the contributing factor in 
three species receiving listing changes from threatened to endangered status in 2011 by NH 
NHB. 
Three of these species occur almost exclusively in brackish tidal riverbank marsh: L. 
chinensis, S. valerandi, and E. parvula. Brackish tidal riverbank marsh, is considered an 
exemplary community in New Hampshire and is characterized by narrow, steeply sloping 
r i ve rbanks  sub jec t  to  o l i goha l ine  ( l ow sa l in i t y :  0 .5  -  5ppt )  to  mesoha l ine  (modera te  sa l in i t y :  5 -18  
ppt) tidal regimes (Sperduto and Nichols 2004; NH NHB 2010). Since Moore et al. (2009a) 
resurveyed populations of L. chinensis in 2007, an immediate follow-up provides the first 
assessment of short-term population stability of this species in New Hampshire. As E. parvula 
was not observed during the surveys in 2007 by Moore et al. (2009a), this study provides the 
opportunity to determine if its absence was due to seasonality or extirpation. While Moore et al. 
(2009a) noted the presence of S. valerandi at numerous locations where L. chinensis occurred, 
no species specific data was collected. Focused surveys for S. valerandi will provide additional 
knowledge about its distribution and habitat requirements. 
The other two species: A. maritima, and S. bigelovii are frequently found in salt marsh 
forb pannes. Forb pannes are areas of high diversity within an otherwise seemingly consistent 
landscape (Miller and Egler 1950; Theodose and Roths 1999; Gedan and Bertness 2009). They 
are depressed within the marsh and are consistently waterlogged environments with hypoxic soil 
and low plant productivity. These abiotic factors make for a stressful environment where salt 
marsh species such as Spartina patens cannot dominate. However, stress tolerant forbs that are 
outcompeted throughout other marsh zones can find refuge in these areas (Bertness et al 2002; 
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Ewanchuk & Bertness 2004). It is believed that the prominence of forb panne habitat has 
declined throughout New England in the last three centuries due to extensive ditching for 
livestock grazing, development, and mosquito control (Ewanchuk & Bertness 2004). In Wells, 
Maine, panne habitats occupied 5% of the marsh and were most frequently found near pools and 
along rivers and creeks (Griffon et al. 2011). The future of these diverse habitats is unclear as 
sea level rise has been shown to increase potential area (Warren and Niering 1993) while 
warming has been shown to quickly decrease species diversity (Gedan and Bertness 2009). 
Examining the status, distribution, and habitat requirements of S. bigelovii and A. maritima may 
provide critical information to managers and scientists to guide conservation efforts in light of the 
uncertain future of these habitats. 
Hypotheses 
Since previous surveys for these species had not been conducted regularly or throughout 
entire habitats, my null hypothesis was that populations for all five species would be stable, 
similar to what was seen with L. chinensis in 2007 (Moore et al. 2009a). It was expected that any 
loss would be offset by the discovery of new occurrences in habitat previously not surveyed. It 
was also hypothesized that any location where a RTE species is present will have similar 
environmental conditions to other sites where the species is present. In particular, it was 
predicted that a narrow range of salinity would be associated with each species and that habitat 
features such as marsh zone, aspect, slope, and canopy cover would be consistent. 
Materials and Methods 
Study Area 
The study was conducted within New Hampshire's tidal habitat (Figure 2.2). Such habitat 
can be broken up into two main regions: coastal salt marshes and brackish marshes associated 
with Great Bay Estuary. Coastal marshes were clustered around the Hampton-Seabrook Estuary 
(Figure 2.2: H2-H7), Little Harbor in Portsmouth (Figure 2.2: L1-L3), and around Rye Harbor in 
Rye (Figure 2.2 R1-R4). Brackish marshes were associated with Great Bay Estuary (Figure 2.2: 
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G1) and its associated rivers: Salmon Falls (Figure 2.2: G14), Cocheco (Figure 2.2: G12), Oyster 
(Figure 2.2: G8), Bellamy (Figure 2.2: G11), Lamprey (Figure 2.2: G5), Squamscott (Figure 2.2: 
G2) and Winnicut (Figure 2.2: G3). 
Population Terminology 
For ease of comparison with NH NHB database information, populations were defined 
using NH NHB methodology where two occurrences of a species separated by 1 km or greater 
are considered to represent two populations (Figure 2.1). Observations isolated from one 
another but less than 1 km apart were considered to be of separate subpopulations (Figure 2.1). 
For this study, isolated plants or clusters of plants less than 10 m apart where no physical barrier 
was present were considered to be of the same patch. 
Populations and subpopulations are only considered active if they have been observed 
within the last 20 years. Any population which has been resurveyed and has not been relocated, 
or any population which has not been resurveyed within the past 20 years is considered 
extirpated by NH NHB (Table 1.1). 
Historic Review 
Database Review 
Requests were made to and granted by NH NHB for all historic records of the five 
species in compliance with the New Hampshire Native Plant Protection Act (RSA 217-A). All 
records were reviewed for information regarding location, extent, habitat, health, and density of 
populations and/or subpopulations. Associated publications and herbaria specimens were noted. 
As NHB records reflect a variety of sources, methodology and reported information was not 
standard across, or available for, all records. For example, densities were frequently unavailable 
or often represented an estimate of total stems with no associated area measurement. Total 
number of populations and subpopulations as defined by NH NHB were recorded. The center of 
each record was projected onto National Agricultural Imagery Program (NAIP) orthoimagery 
using ArcGIS 9.3 (ESRI 2009). Using the buffer tool in ArcGIS 9.3, 0.5 km buffers were created 
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around each subpopulation to re-construct populations. The number of populations reconstructed 
was compared to the total number of NH NHB populations. 
Herbarium Review 
For a more comprehensive historical evaluation, herbarium records from University of 
New Hampshire's Albion R. Hodgdon Herbarium (NHA) were examined. NHA is the largest and 
most complete herbarium in New Hampshire and NHA holds recent herbarium records for the five 
study species. For all species, habitat information from all specimens was extracted. When 
possible, NHA records were cross referenced with NH NHB database accounts. Records and 
associated publications were examined for habitat information to inform field surveys so that all 
similar habitats could be searched and so that any changes in specific sites could be noted. 
Assessment of Current Status 
All historic locations for each species noted by NH NHB and NHA and all areas with 
similar habitat to that described on records and specimen labels were surveyed to locate any 
additional occurrences. Data was collected from June to August in 2009 and 2010. 
Mapping Current Rare Species Distribution 
Brackish Tidal Riverbank Marsh RTE Species Mapping 
For brackish tidal riverbank marsh species, all rivers associated with Great Bay Estuary 
(Bellamy, Cocheco, Lamprey, Oyster, Salmon Falls, Squamscott, and Winnicut) were accessed 
by boat (Figure 2.2-G11, G12, G5, G8, G14, G2, G3). The shoreline was visually inspected using 
a series of walking transects during low tide (Moore et al. 2009). For shorelines less than 10 m 
wide, only one transect parallel to the shoreline was used. When the marsh was wider, the 
observer meandered until the area was comprehensively searched for rare species (Moore et al. 
2009a). To map current distribution, up and downstream borders of each patch of a species were 
marked in the field using a handheld Garmin GPSmap 76CSx unit. For smaller patches a single 
point at the center was marked. These coordinates were projected onto NAIP orthoimagery using 
ArcGIS 9.3 and DNR Garmin. 
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Forb Panne RTE Species Mapping 
For salt panne species, all publically accessible salt marshes were surveyed using 
walking transects spaced 20 m apart. Forb panne habitats were located from these transects and 
then closely visually inspected to determine if rare plants were present. When a rare species was 
observed, the boundaries and the center of each patch were marked using a handheld Garmin 
GPSmap 76CSx unit. These coordinates were projected onto NAIP orthoimagery using ArcGIS 
9.3 and DNR Garmin. 
Habitat profile determination 
At each subpopulation located a general habitat assessment was made. Pore water 
salinity, community zone, percent canopy, proximity to development, percent canopy, and 
presence (or absence) of invasive species (specifically P. australis) within 5 m was recorded. 
Pore Water Salinity 
Pore water salinity was measured using the sipper method (Portnoy and Giblin 1997) at 
each patch of plants. In expansive patches within brackish tidal riverbank marsh, salinity was 
measured at the up and downstream edge and in the center of the patch. For patches that did 
not spread up and down the river, salinity was measured from the center of the patch. For 
coastal salt marsh sites, salinity was taken from each panne or within each distinct patch at a site. 
To obtain pore water salinity, a sipper was inserted at the rooting depth of the plants (5-10 cm) 
and salinity was determined using a handheld refractometer. If after ten attempts to extract pore 
water from a patch provided no sample, salinity was not recorded. Most frequently, the lack of 
extractable pore water occurred when there was shallow to no peat with little soil. 
Salinity values were analyzed in SAS 9.2 to determine preferred salt regimes: oligohaline, 
mesohaline, polyhaline. A salt regime was considered to be preferred if the 95% confidence 
interval overlapped with the range of values for that regime. Normality of each species salinity 
distribution was tested using the Shapiro-Wilk test for normality. Since all species showed a non-
normal salinity distribution median was used to estimate center and interquartile range was used 
to estimate data spread. 
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Marsh Community Zone 
Marsh habitat was determined for each patch by analyzing location of high water mark 
and associated species. High marsh was assigned to species co-occurring with plants such as 
Spartina patens, Distichlis spicata, and Juncus gerardii (Sperduto and Nichols 2004; Bertness 
and Ellison 1987). Low marsh was assigned to plants found in areas dominated by Spartina 
alterniflora, Atriplex spp., Suaeda spp., and macroalgae (Sperduto and Nichols 2004; Bertness 
and Ellison 1987). When plants occurred between these two areas where neither high or low 
marsh flora was dominant, they were considered to be in a transition zone. Forb panne habitat 
was assigned when waterlogging was present, graminoids were not the dominant species, and 
associated species included Limonium carolinianum, Plantago maritima, and Salicornia virginica 
(Bertness and Ellison 1987; Bertness et al. 2004b; Griffin et al. 2011). 
Development and invasive species 
Proximity to development was estimated in the field by determining the number of 
patches adjacent (within 5 m) to development and/or to Phragmites australis. 
Canopy Cover 
Canopy cover was recorded as presence or absence and as percent cover. Percent 
canopy cover was estimated for 0.25 m2 quadrats using a modified decimal scale reflecting an 
estimated range (Londo 1976). While this scale traditionally uses integers from 1-10, half 
numbers from 0-5 were used to increase efficiency due to observer preference. On this scale, 
0.5 = 5% - 15%, 1 = 15% - 25%, 1.5 = 25% - 35%, 2 = 35% - 45%, 2.5 = 45% - 55%, 3 = 55% -
65%, 3.5 = 65% - 75%, 4 = 75% - 85%, 4.5 = 85 - 95%, and 5 = 95% -100%. All estimates were 
performed by a single observer to maintain consistency (Sykes et al. 1983). As visual accuracy 
ranges +/-10% and 20% depending on the observer (Sykes et al. 1983), the midpoint of the 
range reflected by the decimal scale was used to determine the average percent canopy cover for 
each species. 
Aspect 
Aspects of sites were confirmed using data derived from the National Elevation Dataset 
using the spatial analyst aspect tool in ArcGis 9.3. A Pearson's chi-square goodness of fit test 
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was performed with each species to determine whether aspect was a significant predictor of 
presence of each species. Aspect was estimated to the nearest cardinal direction at each site 
and the percentage of sites of a plant at each aspect was calculated. Expected aspects were 




Using the NH NHB database and NHA specimens, maps were created showing 
subpopulations with a 0.5 km buffer so any subpopulation less than 1 km from another would 
show an overlapping buffer (Figures 2.3-2.7). However, the total number of populations reflected 
by these maps is not consistent with the number of populations within the NH NHB database 
(Table 2.1, Appendix A.1). 
According to NH NHB, there are nine historic populations of A. maritima-, however, 
according to spatial analysis considering NH NHB population definition, there are actually 12 
populations of A. maritima historically (Figure 2.3, Table 2.1, Appendix A.1). Five of these 
populations were considered active (Table 2.1). A. maritima was historically found along the 
coast and in areas adjacent to great bay along tidal rivers (Figure 2.3, Appendix A.1, Appendix 
B.1). There were seven historic populations of S. bigelovii which appear to be 12 separate 
populations according to current spatial analysis (Figure 2.4), five of which were listed as active 
(Table 2.1 ). There are 16 known historic subpopulations of S. bigelovii, six of which considered 
active (Table 2.1). S. bigelovii was found in areas similar to A. maritima but was less common 
(Figure 2.4, Appendix A.1; Appendix B.1). They were both found in forb pannes within salt marsh 
habitats and frequently co-occurred. 
E. parvula was the most widely distributed species and had a total of 22 historic 
populations according to NH NHB and 23 according to current mapping (Figure 2.5). A total of 12 
populations were known to be active by NH NHB (Table 2.1). Records of E. parvula suggest that 
while more likely on brackish tidal riverbank marsh, populations were also found within coastal 
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salt marsh (Appendix A.1). However, three of the seven of coastal populations were no longer 
active as of 1997 (Table 2.1). There was one non-tidal population of E. parvula from Goffstown 
reported in 1934 (Appendix A.1). As E. parvula is a common fish tank plant, there has been 
some evidence that such inland populations come from dumping of tanks, plants, etc. (Baldwin et 
al 1996). One population of E. parvula was unknown to NH NHB and was collected in 1973 by 
Richardson and Breeding (Appendix B.1; NHA-553388). This was included on the historic 
distribution map for E. parvula (Figure 2.5). Specimens suggested that E. parvula was found in 
transitional to low marsh and mudflats (Appendix B.1). NHA Specimens suggested that L 
chinensis was found in similar areas of E. parvula in brackish tidal riverbank marsh (Appendix 
B.1). They also reflected the findings of Moore et al. (2009a) for L. chinensis as collections were 
made by the authors in 2007 which are not included in the NH NHB database (Appendix B.1; 
NHA-515871, NHA-516186, NHA-516188). There were four populations and six subpopulations 
of L. chinensis in the NH NHB database (Table 2.1; Appendix A.1). According to the map of 
historic populations there were 5 populations as LC-1 should be split into two separate 
populations; one of which was extirpated (Figure 2.6). Since the findings of Moore et al. (2009a) 
had not been incorporated into the database, only one population was considered active. Both L 
chinensis and S. valerandi were restricted to brackish tidal riverbank marshes. However, S. 
valerandi was noted to occur higher in the marsh according to NHA labels (Appendix A.1; 
Appendix B.1), There were five historic populations of S. valerandi according to both NH NHB 
and current mapping (Figure 2.7). There were a total of six subpopulations known historically 
(Table 2.1). A total of two subpopulations were considered active, each from a separate 
population (Figure 2.7). 
Field Surveys 
Aaalinis maritima 
Agalinis maritima, seaside false foxglove, is a member of the Scrophulariaceae (Table 
1.2). It grows in coastal salt marshes from Texas to Nova Scotia (Figure 1.1) and is an annual 
herb which grows to approximately 12 inches in height and bears showy pink to purple flowers in 
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late July through August. All 12 historic populations of A. maritima were resurveyed and ten were 
relocated (Table 2.1). Of the two historic populations not relocated; one had been resurveyed 
without rediscovery in 1997, and the other had not been resurveyed (Appendix A.1). One historic 
subpopulation was inaccessible due to access restrictions, but all other subpopulations that were 
known to be active remained active (Figure 2.8). An additional two subpopulations were 
discovered in this survey; one in Rye and another in Hampton (Figure 2.8). A. maritima was also 
found most often along the coast but two populations were associated with Great Bay (Figure 
2.8). Two Great Bay populations consisted of one subpopulation each, while eight coastal 
populations represent 14 subpopulations (Figure 2.8). Populations were clustered in three main 
areas on the coast: (1) Hampton-Seabrook marsh system (Figure 2.2-H) and (2) Sagamore 
Creek/Little Harbor in Portsmouth (Figure 2.2-L) and (3) in Rye (Figure 2.2-R, Figure 2.3, Figure 
2.8). 
Median salinity was determined for A. maritima as 23 ppt with an interquartile range of 
5.5. Salinity for all populations was determined to be polyhaline because the median fell between 
21 and 25 ppt (p<0.05) (Figure 9, Table 2.2, Table 2.3). During an incidental site visit to one site 
(Beckman's Island - Figure 2.2-H4) in 2010, pore water salinity was measured again. A two-
sample Student's (pooled) t-test was performed on all the salinity measurements at the site to test 
for differences in the salinity between the two years. Salinity measurements from 2009 were 
considered to be the first sample and salinity measurements from 2010 were considered to be the 
second sample. Mean salinity was 22.1 ppt in 2009 and 30.3 ppt in 2010 representing a 
significant increase in salinity (p < 0.0001) between the years (Table 2.4); however, no 
observable difference in plant density was recorded at the population. 
Aspect was not found to be significantly different from random aspects in estuarine 
wetlands at sites with A. maritima (Table 2.5). Forb panne was the dominant habitat for A. 
maritima as 80% of patches occurred in pannes, while only 10% was scattered in high marsh and 
3% along channel edges (Table 2.6). Approximately 10% of the subpopulations of A. maritima 
were found with P. austraiis and 73% of subpopulations were adjacent to development (Figure 
2.10, Table 2.6). Canopy shaded approximately 15% of patches (Table 2.6). 
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Salicornia biaelovii 
Salicornia bigelovii, or dwarf glasswort, is a member of the Amaranthaceae (Table 1.2). 
It is a coastal species ranging from Maine to Texas along the eastern and gulf coasts (Figure 
1.1). S. bigelovii is an annual and stands between 10 and 40 cm tall and is best distinguished 
from other Salicornia species by its mucronate scales below the spike. In this study, S. bigelovii 
was found almost exclusively in coastal marshes (Figure 2.2; Figure 2.11). The historic 
population from Crommet Creek remained absent mirroring the findings of a 1989 survey in the 
NH NHB database (Appendix A.1). One historic Great Bay population was inaccessible for 
resurvey due to access issues and may remain active. All five of the presumed active 
populations were relocated (Figure 2.4, Figure 2.11). However, spatial analysis shows that they 
should now be considered ten populations based on NHB definition of populations (Figure 2.11). 
During the survey, 14 subpopulations were located (Table 2.1). Thre historic subpopulations 
could not be surveyed due to access restrictions; however, other subpopulations within the same 
population remained active (Figure 2.11). 
S. bigelovii showed a preference for a polyhaline salinity regime (Table 2,2). Salinity 
showed non-normal distribution (Table 2.3) and the observed salinity median was 22 ppt with an 
interquartile range of six (Table 2.2). The true median was found to lie between 21 and 25 ppt 
with 95% confidence (Figure 2.9, Table 2.2). As with A. maritima, during an incidental site visit to 
Beckman's Island (Figure 2.2-H4) in 2010, pore water salinity was measured again. Despite no 
observed change in plant density at Beckman's Island between 2009 and 2010, mean salinity 
was significantly higher in 2010 (30.9 ppt) than in 2009 (22.5 ppt) (Table 2.4, p < 0.0001). 
Aspect at sites with S. bigelovii was found to be significantly different from random 
aspects in estuarine wetlands (Table 2.5). S. bigelovii showed negative preference for south 
facing slopes (Table 2.5). Patches of S. bigelovii were found in forb pannes 71% of the time 
(Figure 2.10, Table 2.6). Canopy shaded an estimated 9% of patches (Table 2.6). P. australis 
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was present within 5 m at 10% of observations and development was adjacent to 58% of sites 
(Table 2.6). 
Eleocharis parvula 
Eleocharis parvula, or small spike rush, is a member of the Cyperaceae (sedge family) 
(Table 1.2). It is an annual and is distributed circumboreally and is found throughout the United 
States in fresh and brackish water in marshes and mudflats (Figure 1.1). E. parvula has an small 
oval shaped 2-3 mm spikelet as an inflorescence and does not grow more than 10 cm in height 
and forms a tuber which is J-shaped or horseshoe-shaped. In 2009, a total of 19 populations and 
19 subpopulations were observed of E. parvula (Figure 2.12, Table 2.1). This represents an 
expansion from the total of 12 presumed active populations, but a decrease in total historic 
populations (Figure 2.5, Figure 2.12). One tidal population was not surveyed due to access 
restrictions, and the Goffstown population was not evaluated as it was not tidal; both of these 
populations may remain active (Appendix A.1). Two previously unknown populations were 
documented; one on the Oyster River, and one along the Salmon Falls River. All surveyed 
estuarine populations remained active and an increase in subpopulation number was seen at six 
populations (Figure 2.12, Table 2.1). The extirpated coastal populations remained absent. Two 
additional coastal populations that had not been surveyed in the last 20 years were also not 
relocated (Figure 2.5, Figure 2.12). The subpopulation noted by NHA at Cain's Brook (Figure 
2.2-H3) was also not rediscovered (Figure 2.5, Figure 2.12). 
There were four coastal subpopulations that were relocated in 2009. While populations 
at one site, Beckman's Island (Figure 2.2-H4) appeared healthy in 2009, during an incidental visit 
in 2010 the stems of the plant appeared dead as they were brown and brittle. Pore water salinity 
was extracted at the site and within patches of E. parvula to determine if there was a difference 
between mean salinity for the two years. Salinity was found to be significantly greater at the site 
(p < 0.0001) and within the population in 2009 from 2010 (Table 2.4, p < 0.001). Mean salinity 
increased from 22.2 to 30.4 ppt between the years and from 22.2 to 25.9 ppt within the population 
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of E. parvula. In 2011, no E. parvula was found representing a local extinction of the specie; 
however, it is possible that this subpopulation may be able to recover in time. 
Throughout all sites, salinity for E. parvula ranged most widely of the five species which is 
reflected by the true median occurring between 4 and 9 ppt (p<0.05) and an observed median of 
5 ppt with a confidence interval of 20 (Figure 2.9). This results in the determination that E. 
parvula is found in oligohaline and mesohaline tidal regimes, although a lower observed median 
suggests it may prefer oligohaline to mesohaline habitats (Table 2.2, Table 2.3). 
E. parvula showed negative preferences for north facing slopes (Table 2.5). Mudflat to 
low marsh habitat was the most common habitat for E. parvula (89%), although it also occurred 
into the transitional zone (7%), and occurred in high marsh occasionally (4%). Canopy caused 
shade to 19% of subpopulations (Figure 2.10). Subpopulations were frequently found in disturbed 
areas and were found co-occurring with P. australis and development 18% and 34% of the time 
respectively (Table 2.6). 
Lilaeopsis chinensis 
Lilaeopsis chinensis, eastern lilaeopsis, is a member of the Apiaceae (carrot family) and 
is found from Nova Scotia to Texas (Table 1.2; Figure 1.1). It is a perennial and is capable of 
spreading through rhizomes and forming extensive mats. The "leafy" structures of the plant are 
phyllodia, or modified petioles. The flowers are white and are arranged in an umbel (typical of the 
family). Of the five historic populations, four were re-found in this survey (Figure 2.6, Figure 
2.13). Total subpopulation number increased from historic NH NHB observations of four total 
(one active) to twenty-two (Table 2.1). These subpopulations form four distinct populations 
(Figure 2.13). A single population of many subpopulations occurred along the Salmon Falls, 
Cocheco, Bellamy, and Lamprey Rivers. There remained no L. chinensis at Moody Point (Figure 
2.2-G4) which is consistent with surveys at the site since 1989. Expansion of the Lamprey River 
subpopulations (Figure 2.13) suggests that the now extirpated Moody Point population (Figure 
2.2-G4) should not be considered its own separate population as initial map analysis had 
suggested (Figure 2.6). Subpopulations along the Cocheco River discovered by Moore et al. 
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(2009a) at an island (NHA-515871) and at Fresh Creek remained active. Fresh Creek 
populations expanded greatly from 2007 (Figure 2.14, Figure 2.15; Moore, personal 
communication, 2010). Presence noted by Moore et al. (2009a) at the Lamprey River upstream 
from prior NH NHB surveys was consistent with observations in 2009 and 2010. Undocumented 
in prior surveys was a subpopulation near the head of tide at the South Berwick Bridge along the 
Salmon Falls River in Rollinsford. According to Moore, this area was not surveyed in 2007 
(personal communication, 2010). Despite expansion elsewhere, the population at the Bellamy 
River was reduced to three patches as opposed to the five noted by Moore et al. (2009a) and 
seven noted by Sperduto in 1989 (NH NHB database). Otherwise, distribution and density was 
consistent for L. chinensis with NH NHB and Moore et al. (2009a). 
L. chinensis is an oligohaline to mesohaline species (Table 2.2, Table 2.3). The median 
salinity for populations of L. chinensis was determined to be between 1 and 7 ppt (p<0.05) 
(Figure 2.9). The observed median was 5 with an interquartile range of 7 (Table 2.2). 
Aspect was not significantly correlated with L. chinensis occurrence (Table 2.5). About 
67% of L chinensis was shaded by canopy, and 56% of subpopulations were adjacent to 
development. Nearly 81% L. chinensis was estimated to be in the transitional zone, while 16% 
occurred in low marsh and 3% in high marsh (Figure 2.10, Table 2.6). There was no presence of 
P. australis within 5 m of L chinensis; however, P. australis was present at Moody Point, where 
L. chinensis was present in 1984 (Moore et al. 2009a). 
Samolus valerandi SSP. oarviflorus 
Samolus valerandi or false water pimpernel, is a member of the Primulaceae (Table 1.2). 
It grows in brackish intertidal rivers and the muddy banks of fresh streams coastally along the 
Atlantic, Gulf, and Pacific coasts (Figure 1.1). It is a biennial forming a basal rosette for the first 
year of its life and an elongated raceme with small bell shaped white flowers during its second 
year of life. Both presumed active population by NH NHB of S. valerandi were relocated (Figure 
2.7, Figure 2.16). Additionally, S. valerandi was present at all historic population sites which had 
not been visited in the past 20 years by NH NHB (Figure 2.7, Figure 2.16). A number of these 
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populations were documented by Moore et al. (2009a) so it is not a surprise that they were still 
active. 2009 surveys showed that there are currently a total of five populations (Table 2.1, Figure 
2.16). The Salmon Falls population had the most extensive subpopulation which is consistent 
with historic observation (Figure 2.16, Appendix A.1). Most populations remained in similar 
number and density as listed in the NH NHB database, on NHA label information, and in notes by 
Moore et al. (2009a). However, expansion was seen at the Lamprey River population. The north 
shore of the Lamprey River had over 200 plants in 2009 and 2010 as compared to 75 during the 
last survey in 1989. 
The preferred tidal regime for S. valerandi was oligohaline and the median salinity 
observed was 2 ppt (interquartile range: 5) (Table 2.2, Table 2.3). Actual median was between 0 
and 5 ppt (p<0.05) (Figure 2.9, Table 2.2). Aspect was found to differ from expected values as S. 
valerandi showed negative preference for north facing slopes (Table 2.5). Canopy shaded 72% 
of subpopulations of S. valerandi (Figure 2.8). P. australis was within 5 m at 3% of S. valerandi 
and disturbance was neighboring 37% of populations (Table 2.6). High marsh and transitional 
zone held 72% and 27% of S. valerandi patches respectively (Figure 2.10, Table 2.6). No S. 
valerandi was found in the low marsh (Figure 2.10, Table 2.6). 
Discussion 
As predicted, all species considered in this study appear healthy in New Hampshire. I 
found that populations and subpopulations increased compared to NH NHB presumed active 
populations and subpopulations (Table 2.1) and densities remained relatively similar or showed 
increase (Figure 2.14, Figure 2.15). While extirpation occurred at some populations and 
subpopulations, these losses were offset with increases and expansion elsewhere. Increases in 
populations and subpopulations may reflect expansion of these species, but may also be the 
result of few comprehensive surveys of these systems. A patch, subpopulation, or population 
discovered in this study may have been active for any number of years. Similar population 
increases were seen in Maine in 1983 during surveys for A maritima (Vickery and Vickery 1983). 
They found that the species was abundant where it was found and attributed the increased 
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abundance to the fact that tidal systems are rarely visited and that very few surveys had been 
conducted. 
Despite the fact that 87% of sites had not been surveyed in the past 10 years and 55% of 
sites surveyed had not been surveyed in the past 20 years, most populations remained active, 
including those which had not been surveyed (Figure 2.8, Figures 11-13, Figure 2.14). Therefore, 
it is not a valid assumption that a subpopulation or population of the five species examined is 
extirpated if it has been unreported for 20 years. As this trend may not be seen for all species 
monitored by NH NHB, redefining how status is determined based on this study's observations is 
not rational. Even within this study, the likelihood of a species to be found currently active at a 
location varied even if unreported for 20 years. Increased funding to support NH NHB's ability to 
incorporate total historic population number and conduct regular surveys of areas would be more 
appropriate to ensure accurate status determination of RTE species. More consistent surveying 
would allow for better comparison of long term changes of these species. This will likely be 
increasingly important as development expands in south eastern New Hampshire and as 
anthropogenic pressures rise. Species which are noted to experience annual fluctuations should 
receive special focus (i.e. health of E. parvula at Beckman's Island) as actual health and rarity 
may be more evident over regular long term monitoring. 
Species examined also showed preference for specific tidal regimes and occurred in 
sometimes narrow ranges of pore water salinity (Figure 2.9, Table 2.2). This is consistent with 
my hypothesis that the occurrence of these species would be limited to a predictable set of 
conditions and narrow range of salinity similar to what past studies have demonstrated for other 
rare species (Bertness et al. 1992; Moore et al. 2009a). While species were seen growing in a 
relatively broad range of salinity, all species tended to occur within a narrow subset of this range 
(Figure 2.9). This suggests that within this subset the species are capable of finding an 
advantage that favors growth. In particular, it may be the case that they have a greater 
competitive ability within its preferred salinity as was seen by Bertness et al. (1992). For 
example, salt pannes may allow for refuge of rare plant species as competitive keystone marsh 
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species such as Spartina spp. do not grow well in these high saline environments (Bertness et al. 
1992; Ewanchuck and Bertness 2004a; Gedan and Bertness 2009; Griffon et al. 2011). 
Habitat features varied for each species but each species was found regularly within the 
same set of conditions (Table 2.6). The strongest occurrence correlation appeared to be with 
habitat zones (ie - high marsh, forb panne, low marsh, etc.) within the marsh (Figure 2.10). Such 
zones are correlated with specific soils, salinities, and hydrologic periods, and these differences 
are reflected in differences in plant species (Bertness and Ellison 1987; Bertness et al. 2004b; 
Griffin et al. 2011). Each species' tendency to occur within a specific zone within the marsh is 
reflective of its specific needs and ideal growing conditions. The occurrence of three species (£. 
parvula, S. bigelovii, and S. valerandi) appeared to be correlated with specific aspects (P < 0.05; 
Table 2.5). S. valerandi and E. parvula species showed negative preferences for north facing 
slopes, while S. bigelovii showed negative preference for south facing slopes. Canopy appeared 
potentially important to the growth of L. chinensis and S. valerandi, while the other three species 
rarely occurred in areas with canopy cover (Table 2.6). 
While all five species studied are also listed in other states (Table 1.3), understanding the 
specific conditions surrounding New Hampshire's populations is necessary for local management 
decisions. While many questions have been answered about these five species, there are many 
areas where our understanding needs to be improved. Further refining our knowledge of the 
specific needs of each species will allow land managers to protect and manage the appropriate 
habitats for these species. Ecological information is not the only piece of knowledge necessary 
for successful conservation of rare species. An evaluation of the population genetics for these 
five species would allow NH NHB to determine the status of these species based on both 
ecological and genetic factors. 
While currently populations seem stable for these five species, at least 34% of 
subpopulations were adjacent to development (Table 2.6). It is unknown how development has 
impacted these populations thus far, but proximity to development may lead to future losses as 
human populations continue to expand in the southeastern portion of New Hampshire. 
Secondary effects may occur as population expansion and increase in development may impact 
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physical site features (eg. Canopy cover). Increase in development may lead to expansion of 
invasive species including P. australis (Bertness et al. 2002, Minchinton and Bertness 2003). 
Furthermore, continued and increased anthropogenic alteration (especially climate associated 
effects and increased development as south-eastern New Hampshire's population expands) of 
the systems may compound these impacts. Of particular concern is coastal squeeze from rising 
sea levels which may alter competition patterns in salt marshes and limit available area for growth 
which is already limited for New Hampshire's rare tidal plants (Warren and Niering 1993; 
Bertness et al. 2002; Crain et al. 2004). 
This may be especially threatening to species such as L. chinensis and S. valerandi 
which occur within the upper elevation marsh communities (Figure 2.10). Understanding how 
rising sea level could impact these species is necessary for proper management decisions. 
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Table 2.1. Number of populations (Pop.) and Subpopulations (Subpop.) based on the New Hampshire Natural Heritage Bureau database 




Historic Number of Surveyed Presumed Pop. In Subpop. Presumed Discrete 
Pop. Historic Since Active this Historic Surveyed Active Subpop. In 
NH NHB Pop. 1991 Pop. study Subpop Since 1991 Subpop. this study 
Agalinis maritima 9 12 6 5 10 19 11 10 16 
Eleocharis parvula 22 23 13 12 19 22 13 12 19 
Lilaeopsis chinensis 4 5 1 1 4 6 1 1 4 
Salicornia bigelovii 7 12 5 5 9 16 6 6 14 
Samolus valerandi 
ssp. parviflorus 5 5 2 2 5 6 2 2 5 
Table 2.2: Preferred salinity and salt regime(s) for each species. 
Species N Range Median (IQR) Lower 95% CI Upper 95% CI Regime(s) 
Agalinis maritima 42 12-36 23 (5.5) 21 25 Polyhaline 
Eleocharis parvula 47 0-28 5(20) 4 9 Oligohaline Mesohaline 
Lilaeopsis chinensis 38 0-11 5 (7 )  1 7 Oligohaline Mesohaline 
Samolus valeraridi 22 0-10 2 (5 )  0 5 Oligohaline 
Salicornia bigelovii 39 12-40 22 (6) 21 25 Polyhaline 
Table 2.3: Test statistic (W) for Shapiro-Wilk test of normality and associated p-values. Lower p-
values indicate lower likelihood that the data came from a normally distributed sample. 
Species W P 
Agalinis maritima 0.9385 0.0033 
Eleocharis parvula 0.8190 <0.0001 
Lilaeopsis chinensis 0.8909 0.0014 
Samolus valerandi 0.8561 0.0044 
Salicornia bigelovii 0.9165 0.0014 
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Table 2.4. Mean salinity measurements (ppt) for 2009 and 2010 at Beckman's Island as well as the t-test statistic and associated p-value for each 
test. 
Species N 2009 Mean 2009 (95% CI) N 2010 Mean 2010 (95% CI) t (P) 
All Species 34 22.2 (21.5, 23.0) 40 30.4 (29.1, 31.7) -10.56 (<0.0001) 
Agalinis maritima 13 22.1 (20.8, 24.4) 20 30.3 (29.5, 32.1) -6.92 (<0.0001) 
Salicornia bigelovii 10 22.5 (21.1, 23.9) 13 33.1 (31.2, 34.9) -9.49 (<0.0001) 
Eleocharis parvula 11 22.2 (20.6, 23.7) 7 25.9(24.6, 27.1) -3.79 (0.0016) 
CO CO 
Table 2.5. Observed aspects for each species as well as the expected aspects. Chi-squared values and significance levels reflect difference from 
expected values. Expected values determined using random values from the National Elevation Dataset and the spatial analyst aspect tool in 
ArcGIS 9.3. Shaded results are significant at p<0.05. Asterisks denote which aspect there was negative preference. 
Species East North South West X2 P 
Agalinis maritima 29% 14% 29% 29% 7.45 0.0588778 
Lilaeopsis chinensis 25% 20% 33% 22% 5.48 0.1396931 
Expected 28% 26% 23% 23% 
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Shade/Canopy (%) 9 15 19 72 67 
Development (%) 58 73 34 37 56 
Low Marsh (%) 0 0 89 0 16 
Transitional Marsh (%) 0 0 7 28 81 
High Marsh (%) 16 10 4 72 3 
Panne (%) 71 80 0 0 0 
Channel Edges (%) 3 3 0 0 0 
Phragmites (%) 10 7 18 3 0 
Salinity Range (ppt) 18-40 18-36 0-27 0-10 0-10 
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Figure 2.1. Example of how population and subpopulation determinations are made by New 
Hampshire Natural Heritage Bureau. "X" represents any sub population and boxed in groupings 
of sub populations are considered one population. Determination of population status is made 




Great Bay Estuary 
G1 Great Bay 
G2 Squamscott River 
G3 Wrwicut River 
G4 Moody Point 
G5 Lamprey River 
G6 Mouth of Lubberland Creek 
G7 Crommet Creek 
G8 Oyster River 
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G10 Dover Point 
G11 Bellamy River 
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Rye Area Marshes 
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Figure 2 2 Map of study area and notable sites 
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Figure 2.3. Populations and subpopulatons of Agalinis maritima in New Hampshire 
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Figure 2.4. Populations and subpopulatons of Salicomia bigelovii in New Hampshire. 
Labels indicate subpopulations as determined by New Hampshire Natural Heritage Bureau (Appendix A.1). 
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Figure 2.5. Populations and subpopulatons of Beocharis parvula in New Hampshire. 
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Figure 2.6. Populations and subpopulatons of Lilaeopsis chinensis in New Hampshire. 
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Figure 2.7. Populations and subpopulatons of Samolus valerandi ssp. parviflorus in New Hampshire 
Labels indicate subpopulations as determined by New Hampshire Natural Heritage Bureau (Appendix A.1). 
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Figure 2.8. Status of Agalinis maritima subpopulations based on surveys conducted in 2009 
Unless otherwise noted, all sites were surveyed 
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Figure 2.9. Salinity for all five species showing the median (solid line), mean (diamond) 
interquartile range (box), and range (upper and lower bound). 
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Figure 2.10. Marsh community zone occurrence of the five state listed species examined in New Hampshire. 
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Figure 2.11 Status of Salicomia bigelovii subpopulations based on surveys conducted in 2009. 
Unless otherwise noted, all sites were surveyed. 
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Figure 2.12. Status of Eleocharis parvula subpopulations based on surveys conducted in 2009. 
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Figure 2.13. Status of Ulaeopsis chinensis subpopulations based on surveys conducted in 2009. 
Unless otherwise noted, all sites were surveyed. 
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Figure 2.14. Extent of Lilaeopsis chinensis at Fresh Creek, Dover, NH as documented by Moore 
et al. (2009a) in 2007. 
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Figure 2.15. Extent of Lilaeopsis chinensis and Eleocharis parvula at Fresh Creek, Dover, NH 
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Figure 2.16 Status of Samolus valerandi ssp. parviflorus subpopulations based on surveys conducted in 2009. 
Unless otherwise noted, all sites were surveyed. 
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CHAPTER 3 
POTENTIAL EFFECTS OF SEA LEVEL RISE ON SAMOLUS VALERANDI AND LILAEOPSIS 
CHINENSIS 
Introduction 
Climate change and its associated effects such as sea level rise is a well-documented 
concern for tidal habitats (Warren and Niering 1993; Crain et al. 2004). New England's tidal 
marshes are no exception (Bertness et al. 2002). Expected change in sea level rise has been 
difficult to predict and estimate. Ranges of predicted values for sea level rise over the next 100 
years vary depending on how and what variables are incorporated (Rahmstorf 2007; IPCC 2007; 
Pfeffer et al. 2008). However, the International Panel on Climate Change (IPCC) has determined 
that 0.18 m represents the lowest projected sea level rise value while 0.59 m represents the 
upper for the next 100 years (IPCC 2007). These values do not incorporate ice sheet melting, 
whereas higher projections, ranging up to 2.1 m attempt to include ice sheet melting rates in 
determining sea level rise (Pfeffer et al. 2008). Pfeffer (et al. 2008) attempted to determine sea 
level rise including more conservative rates and predicted a rise of 0.8 m. Rahmstorf (2007) 
incorporated IPCC predictions and mean surface temperature to project a 0.5 to 1.4 m rise. 
As predictions of sea level rise range widely, the specific effects on community structure 
and individual plant species are difficult to predict as well. Impacts largely depend on each plant 
species' ability to migrate. Models frequently assume one of two extremes: no migration or 
unlimited migration (Fitzpatrick et al. 2008). Actual migration rates are impossible to predict as 
numerous factors affect them. However, even under unlimited migration (best case), marsh 
communities are expected to be negatively impacted (Fitzpatrick et al. 2008; Midgely et al. 2006). 
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This is particularly true for areas bordered by natural and artificial barriers as habitats will 
be pressured from both directions as sea level rises. This phenomenon is known as coastal 
squeeze and has been documented concern for marshes throughout the world. In New 
Hampshire, brackish tidal riverbank marsh, considered an exemplary community, may be 
particularly susceptible to coastal squeeze as they are characterized by steep banks and are 
frequently adjacent to dams (Doody 2004; Sperduto and Nichols 2004; IPCC 2007). 
It is largely unknown how sea level rise and coastal squeeze will impact brackish tidal 
riverbank marshes and the rare species restricted to this community. However, several rare plant 
species are found exclusively in brackish tidal riverbank marsh systems. This community tends 
to occur in narrow bands and is largely comprised of low brackish riverbank marshes and high 
brackish riverbank marshes (Sperduto and Nichols 2004). High brackish riverbank marshes differ 
in community structure as Spartina patens is dominant as opposed to Spartina alterniflora. The 
transition from low to high is marked by the mean high water mark and is subject to heavy ice 
rafting pressure. This transitional area forms a unique community where no species of Spartina 
is clearly dominant. These areas are also marked by shallow peat depths and do not experience 
accretion rates typical of coastal salt marshes. The community zones within brackish tidal 
riverbank marsh are structured along gradients in elevation similar to those which structure 
traditional salt marsh communities (Bertness 1991; Pennings and Callaway 1992; Olff et al. 1997; 
Sperduto and Nichols 2004) Relative elevation is predictive of species occurrence as it is 
indicative of many physical parameters which affect zonation by species within the marsh 
including soil type, salinity, submersion regime, and redox potential (Mahall and Park 1976; 
Pennings and Callaway 1992; Ewanchuck and Bertness 2004b). Bertness (1991) showed that 
rare tidal plants are further limited within these plant community zones. Identifying the range in 
elevation of community zones and the rare species within will help distinguish which species are 
likely to be most affected by sea level rise in areas with landward migration barriers. Two state-
listed species (Lilaeopsis chinensis and Samolus valerandi) were identified during surveys in 
2009 as occurring in such areas (Chapter 2). Both species occurred wholly within brackish tidal 
riverbank marsh bordered by migration barriers such as steep slope and development and 
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occurred relatively high within the marsh system. L. chinensis was found in areas of distinctive 
low and high marsh occasionally but was most often (81%) found within the transition between 
these zones (Figure 2.10). S. valerandi was only found in high (72%) or transitional (27%) zones 
and never within low marsh. 
Due to the perceived threat due to their community zone preference, these species 
(Lilaeopsis chinensis and Samolus valerandi) were chosen to investigate the potential effects of 
sea level rise on rare brackish tidal riverbank marsh species. I hypothesized that sea level rise 
would decrease the overall area available within suitable relative elevation. To determine how 
much area would be available, the elevations of the marsh communities and the two species of 
interest were mapped at two sites in New Hampshire: Fresh Creek, Dover, NH and the Lamprey 
River, Newmarket NH (Figure 3.2). Total area currently available for each was compared to the 
potential area available at four different sea level rise increments: 0.18 m, 0.59 m, 0.8 m, and 1.4 
m. These values were chosen to reflect the commonly accepted IPCC predictions and those 
which incorporate ice sheet melting and mean surface temperature (Rahmstorf 2007; IPCC 2007; 
Pfeffer et al. 2008). 
Materials and Methods 
Field Surveys 
During the fall of 2009 and summer of 2010 Fresh Creek and the Lamprey River (Figure 
3.2) were surveyed using a Self-Leveling Rotary Laser and relative elevations were recorded 
along transects spanning throughout known areas where L. chinensis and S. valerandi occurred. 
One transect was used for every 5 m of marsh surveyed so that ten transects were run 
throughout the 47 m long stretch of tidal riverbank marsh at the Lamprey River, while 19 transects 
(1 transect was not included as it occurred throughout an area where there was no vegetation) 
were placed throughout the 105 m stretch of Fresh Creek. Transects were placed haphazardly 
within each 5 m horizontal stretch of marsh and the location of each was marked using handheld 
Garmin GPSmap 76CSx unit. Distance and elevation was recorded at: low edge of low marsh, 
low edge of transitional zone, low edge of high marsh, and upland edge (when possible). 
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Additionally, elevation and distance was recorded on both the lower and upper edges of L. 
chinensis and S. valerandi along the transect tape. Marsh zones were identified based on the 
vegetation composition. High marsh was assigned to areas where Spartina patens was dominant 
while areas dominated by Spartina alterniflora were considered to be low marsh (Sperduto and 
Nichols 2004; Bertness and Ellison 1987). When neither high nor low marsh flora was dominant, 
it was considered to be a transition zone. 
Data Analysis 
For each site, the average upper and lower elevation was calculated for each species 
and each marsh zone (high, transitional, and low marsh). Average distance for each category 
across transects was also calculated. A one way ANOVA was used to assess if there were 
differences in elevation of marsh zones. A Fisher's Least Significant Difference test was then 
used to determine which individual marsh zones had significantly different elevations. These 
calculations were made for the overall averages and for both sites (Fresh Creek and Lamprey 
River) individually. Using ArcGIS 9.3 and DNR Garmin, the average distances were 
superimposed onto imagery for each site to map approximate areas of each zone and each 
species. Total area for each zone and total area of potentially suitable habitat (area available 
across the marsh within the average upper and lower elevation) for each species was calculated 
for the extent of marsh which contained the state listed plant(s). 
To assess how sea level rise would alter such area, it was assumed that plants could 
migrate to the upland edge where steep slopes, development, forest cover, and/or physical 
barriers (i.e. - dam, bridge, etc.) would prevent further plant migration (Doody 2004; IPCC 2007; 
Fitzpatrick et al. 2008). While it is possible that sea level rise, competition, erosion, and other 
such factors may alter such a barrier, the goal was to determine how potential area would change 
for these species given sea level rise and current landward barriers. Percent of marsh available 
for occupancy within each species current average relative elevation was calculated for both 
species until complete loss would be expected by sea level rise. For discussion the four 
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aforementioned sea level rise scenarios (0.18 m, 0.59 m, and 0.8 m and 1.4 m) were examined at 
greater detail with respect to how each would impact L chinensis and S. valerandi. 
Results 
Surveys were consistent with 2009 observations and showed that L. chinensis was 
primarily found within the transitional marsh and into upper-low marsh habitat (Figure 3.3). This 
was consistent overall and at both sites: the Lamprey River (Figure 3.4) and Fresh Creek (Figure 
3.5, Figure 3.6). S. valerandi was found almost exclusively in the high marsh shortly after the 
transition into high marsh from the transitional zone (Figure 3.3, Figure 3.4). 
A one way ANOVA found a highly significant (df = 150, p<0.0001) difference between 
elevations of marsh types (Figure 3.3, Figure 3.4, Figure 3.5). A Fisher's Least Significant 
Difference test showed significant differences (p<0.05) between the following pairs of measured 
elevations: 
Upper edge of transitional zone - upper edge of low marsh (df = 28) 
Lower edge of transitional zone - lower edge of high marsh (df = 27) 
To address potential pseudoreplication, a second one-way ANOVA was run only including a 
single value for each river-zone combination. Values were the arithmetic mean of all samples 
from a given zone and river. This again found a highly significant difference between marsh 
types for each tidal system, (df = 11, p=0.0006). A Fisher's Least Significant Difference test 
showed the same pairs were significantly different (p<0.05). One-way ANOVA's were also run 
within each river system and both the Lamprey and Fresh Creek showed the same results (df=90, 
p<0.0001) and (df=59 p<0.0001) respectively. 
Marshes averaged 5.2 m from the lower edge of low marsh to the upland edge (Figure 
3.7). Low marsh was the most prominent at 2 m from water to landward side (Figure 3.7). High 
marsh was approximately 1.7 m across, and the transitional zone spanned 1.5 m (Figure 3.7). 
The transitional zone was always the narrowest and never was wider than 1.8m across. 
62 
From these measurements, a generalized cross section of the brackish tidal riverbank 
marsh was created to serve as the basis for modeling area available for these communities and 
plants with sea level rise (Figure 3.7, Figure 3.8). At levels of 0.18 m or less of increase, there is 
small increase in total area of marsh available to S. valerandi of 0.5% amounting to a total of 5 m2 
of additional habitat (Figure 3.8; Figure 3.9). However, there is a decrease in total marsh area for 
L. chinensis by 3.7% which represents a decrease of 15.5% of its current population (Figure 3.8; 
Figure 3.9). This amounts to approximately 100 m2 lost on Lamprey River (30 m2) and Fresh 
Creek (70 m2). At slightly larger increments of sea level rise, there is a sharp decline in the 
available area to S. valerandi while area increases for L. chinensis although total area never 
exceeds current available area (Figure 3.8). A 0.56 m rise or more will cause the disappearance 
of S. valerandi, but L. chinensis will have more available area than a 0.18m rise (Figure 3.8, 
Figure 3.10). However, only 91.6% of its current area total would be available representing a net 
loss of approximately 40m2 (Figure 3.8). Any increase of over 0.64 m will cause sharp declines in 
populations of L. chinensis (Figure 3.8). At a 0.8 m rise (rise with conservative ice sheet melting 
rates), there is a 65.3% loss of L. chinensis from current population levels (Figure 3.8, Figure 
3.11). No area remains for L. chinensis after a 0.95 m increase (Figure 3.8). At upper levels of 
1.4 m of sea level rise, no brackish tidal riverbank marsh habitat remains whatsoever as the 
entire community is found within a relative elevation that occurs within 1.3 m of height (Figure 
3.12). 
Discussion 
The potential effects of sea level rise on L chinensis and S. valerandi are complex and 
dependent on how factors such as tidal regime, salinity, and competition change. Using relative 
elevation as a proxy for these factors, the potential area available for both species was predicted 
along a gradient of sea level rise and at specific predicted sea level rise values. Relative 
elevation was chosen as it is reflective of the physical factors that influence tidal plants including: 
salinity, tidal regime and competition (Bertness and Ellison 1987; Pennings and Callaway 1992). 
While not comprehensive, the calculations made are mostly consistent with initial hypotheses that 
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predicted that increase in sea level rise would negatively impact the available habitat for L. 
chinensis and S. valerandi. The only inconsistency is that initial sea level rise will actually open 
up available habitat to S. valerandi while removing suitable habitat for L chinensis due to the 
specific marsh topography of the site and the current relative elevation range that the species fall 
within (Figure 3.8). As S. valerandi currently occurs on a steeper section of the marsh, an 
increase in sea level rise would most likely push this species further up along the elevation to a 
flatter, more expansive area. In the low and transitional zones, L. chinensis would be pushed to a 
steeper section of marsh with less area available within its current upper and lower relative 
elevation bounds causing a sharp initial loss of preferred habitat. This may be significant 
because it suggests that monitoring populations of L chinensis could serve as an indicator of sea 
level rise and the degree to which these species are tied to relative elevation in New Hampshire. 
While any amount of sea level rise would likely alter brackish tidal riverbank marsh 
systems, sea level rise beyond minimum IPCC predictions will contribute to further loss of habitat 
for the rare species studied. At upper levels of IPCC predictions (0.59 m) there is complete loss 
of S. valerandi and high marsh habitat (Figure 3.10). If ice sheet melting is considered, not only 
is S. valerandi and high marsh habitat lost, but over half of L. chinensis populations are lost along 
with substantial areas of transitional zone assuming competition patterns do not change. A rise 
of 1.4 m represents the higher level of likely sea level rise scenarios (Rahmstorf 2007) and in 
such a case not only are both rare species lost, but the entire brackish tidal riverbank marsh 
community is lost (Figure 3.12). This community is important as it is both exemplary and provides 
valuable ecosystem services (Sperduto and Nichols 2004; Morgan et al. 2009). 
It is not known the extent to which these rare species and marsh community zones will be 
able to migrate as sea level rises (Orson et al. 1985; Warren and Niering 1993) since migration 
rates are difficult to predict (Pearson, 2006; Midgley et al., 2007; Fitzpatrick et al. 2008). It may 
be the case that these plants may not be able to migrate and compete for continued existence 
within the range of favorable conditions for growth. Therefore, even when suitable area at ideal 
relative elevations exists at lower increments of sea level rise, these species may not be able to 
persist. Additionally, changes of physical site features associated with sea level rise and climate 
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change may negatively impact the ability of these species to adapt. Physical site features may be 
changed due to modified precipitation patterns, altered salinity, and/or an increase in warming. 
Both L. chinensis and S. vaterandi, along with other tidal species, occur within narrow ranges of 
salinity and annual fluctuations or long term changes in salinity at sites where these species exist 
may negatively impact plant populations (Chapter 2; Bertness et al. 1992; Noe and Zedler 2000; 
Ewanchuck and Bertness 2004a; Ewanchuck and Bertness 2004b; Gedan and Bertness 2009). 
Increases in salinity would make the habitat a harsher environment (Warren and Niering 1993) 
while decreases in salinity may favor fresh water species and cause rare plants to be 
outcompeted (Bertness et al. 1992; Gedan and Bertness 2009). An increase in mean average 
temperature has been shown to decrease richness in other highly diverse areas within tidal 
systems (Gedan and Bertness 2009; Griffon et al. 2011). While it is unknown how warming or 
any other alteration to the current conditions may change competition patterns and plant 
associations in brackish tidal riverbank marsh, studies have shown that nearly any alteration 
affects rare plant communities in some way (Bertness et al. 1992; Gedan and Bertness 2009). It 
may be the case that as these communities become stressed for area they will compete against 
each other. For example, lower sea level rises may cause marsh zones to squeeze into the 
transitional zone which may cause faster impacts on transitional marsh species such as L. 
chinensis. Manipulative studies would be needed to study how these plants and their 
communities respond to each climate change effect. As manipulative studies with rare species 
are discouraged, any effort would not likely include local genotypes and as species such as L. 
chinensis are not exclusively found within brackish tidal riverbank marshes outside of this region it 
is possible that such plants would respond differently. This may mean that global populations of 
regionally rare plant species including S. vaterandi and L. chinensis may be resilient in light of sea 
level rise and coastal squeeze. However, local or regional losses of a species will decrease 
population diversity, which has been shown to be as important as species richness diversity 
(Ehrlich and Daily 1993). Furthermore, brackish tidal riverbank marsh and these rare species 
contribute many ecosystem services on a local scale (Morgan et al. 2009) and this exemplary 
community may be threatened globally. 
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Since S. valerandi and L. chinensis grow in limited relative elevation ranges in New 
Hampshire it was possible to model potential area of typical relative elevation given different rates 
or levels of sea level rise. However, the ability for S. valerandi and L. chinensis to grow is 
dependent on more than just elevation. Soil, salinity, and competition all effect growth of S. 
valerandi and L. chinensis, as well as other plants. Due to our limited understanding of these 
factors and changes in these factors as sea level rises and other climate change impacts, they 
were unable to be incorporated into a model. In order to better understand the impacts of climate 
change it is essential to further our understanding of factors that influence the growth of these 
species and how such factors alter their habitat (Orson et al. 1985; Olff et al. 1997). 
Understanding these factors better will help managers conserve rare, threatened, and 
endangered plants and exemplary communities more efficiently. Conservation efforts should 
focus on areas without landward barriers to plant migration. Restoration efforts to remove such 
barriers (e.g. - dam removal) may also be critical to protecting the exemplary brackish tidal 
riverbank marsh community in light of the predicted effects of sea level rise combined with coastal 
squeeze. 
Unique opportunities exist if a restoration is planned in New Hampshire as there would be 
an unprecedented opportunity to study the effects of restoration on threatened brackish plants. 
Possibilities for studies range from mapping natural distribution changes over time to assisted 
migration of these plants into restored habitats. There would be liberal opportunity to study plants 
across salinity, soil, and tidal gradients. Additionally, restoration efforts could provide a chance to 
better learn how to propagate rare tidal plant species. Such restorations should not strictly be 
viewed as successes or failures depending on the outcome but as opportunities to advance our 
knowledge (Zedler 1996). 
Currently, most salt marsh restoration projects attempt to fast forward restoration by 
plantings of Spartina spp. (Callaway et al. 2003). However, it has been shown that some of the 
studied species are within genera that have been shown to be helpful for re-colonization (Ungar 
1987; Hartman 1988; Lindig-Cisneros and Zedler 2002) which aids in accelerated restoration 
(Callaway et al. 2003). Most tidal restoration efforts focus on salt marsh habitats and not on 
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brackish habitats arid brackish species. However, brackish habitats experience the same threats 
and pressures of salt marsh habitats and have experienced similar losses and impacts (Odell et 
al. 2006). Since L. chinensis can grow asexually with great success, focusing on this form of 
reproduction would likely keep costs at a minimum. 
Restoration opportunities are currently being examined for one of the sites mapped 
during this study; Fresh Creek, in Dover (Moore et al. 2009b). A full restoration at this site would 
minimally affect 46.6 m2 of the population L chinensis at the site. However, by combining the 
SMART model (Rogers et al. 2007) which predicts area of community zones after restoration and 
knowledge of where L. chinensis occurs within plant community zones it is estimated that 10255 
acres of appropriate habitat would be available post restoration. This would provide potential 
area of expansion for L. chinensis in the face of sea level rise without a landward barrier to 
prevent migration. This may potentially provide mitigation for losses due to coastal squeeze at 
other systems where restoration is not possible. 
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Figure 3.1. Generic Brackish Tidal Riverbank Marsh in Newmarket, NH along the Lamprey River. 
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Figure 3.2. Map of study site locations: Fresh Creek, Dover, NH (Place mark without a dot) and 
Lamprey River, Newmarket, NH (Place mark with a dot). 
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High Marsh Transitional Zone Low Marsh Lilaeopsis chinensis Samolous valerandi 
Community type 
Figure 3.3. Relative elevation of each marsh zone, Lilaeopsis chinensis and Samolus valerandi 
ssp. parviflorus for the Lamprey River, Newmarket, NH and Fresh Creek, Dover, NH. 
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High Marsh Transitional Zone Low Marsh Lilaeopsis chinensis Samofous valerandi 
Community Type 
Figure 3.4. Relative elevation of each marsh zone, Lilaeopsis chinensis, and Samolus valerandi 
ssp. parviflorus for Lamprey River, Newmarket, NH. 
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Figure 3.7. A generalized cross-section of a tidal riverbank marsh in New Hampshire. This cross 
section represents a marsh with current relative elevations of communities at mean sea level. 
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Figure 3.8. Amount of area currently occupied within a marsh by Lilaeopsis chinensis (LICH) and 
Samoius valerandi ssp. parviflorus (SAVI) and how this area is projected to change as sea level 
rises. 
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Figure 3.9. A generalized cross-section of a tidal riverbank marsh in New Hampshire under 
lowest levels of projected IPCC sea level rise (IPCC 2007). 
76 
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Figure 3.10. A generalized cross-section of a New Hampshire tidal riverbank marsh with current 
relative elevations of communities at sea level rise of 0.59 m, the highest level of rise predicted 
for the next 100 years by the IPCC (2007) which does not incorporate ice sheet melting. 
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Figure 3.11. A generalized cross-section of a New Hampshire tidal riverbank marsh with current 
relative elevations of communities with a sea level rise of 0.8 m; a conservative prediction of sea 
level rise for the next 100 years incorporating ice sheet melting (Pfeffer et al. 2008). 
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Figure 3.12. A generalized cross-section of a New Hampshire tidal riverbank marsh with current 
relative elevations of communities with a sea level rise of 1.4 m; a conservative prediction of sea 





There are many confounding factors involved in understanding the biology of rare, 
threatened, and endangered plant species. In order to protect and ensure the long-term survival 
of these species, such factors must be examined and understood. Active management for the 
long term survival of a species can be considered an ethical issue, as many have argued that 
each species has a right to exist (Ehrenfeld 1978; Ehrlich and Ehrlich 1981; Ehrlich 1982). 
However, conservation is not only limited to ethical issues as species play valuable roles in the 
ecosystem and contribute to the "goods and services" that we rely on (Ehrlich and Daily 1993; 
Tilman et al. 1996; Costanza et al. 1997). Benefits an individual species provides may not be 
fully realized until the future (Myers 1979; Ehrlich 1982). Maintaining biodiversity as a whole with 
regard to both species richness and evenness is important for ecosystem productivity (Ehrlich 
and Daily 1993; Tilman et al. 1996). 
Coastal species are some of the most threatened as they experience high anthropogenic 
pressure due to increasingly concentrated populations and development (Valiela et al. 2006). 
Protecting these species and their communities is globally significant as these areas are some of 
the most ecologically and financially productive systems in the world (Kennish 2001; Chmura et 
al. 2012). In New Hampshire, tidal communities support 8% of the state's rare plant species 
despite representing 1% of the state's total area. This disproportionate occurrence of rare 
species is likely due to three main factors. First, these plant species may be naturally restricted 
due to a limited coastline (approximately 160 miles of shoreline along the ocean and estuaries). 
Secondly, coastal areas support many exemplary and diverse communities such as brackish tidal 
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riverbank marsh and forb panne communities. Lastly, rare plants tend to occur within narrow sets 
of conditions found in such unique communities (Bertness et al. 1991). 
This thesis has examined threats to New Hampshire's rare tidal plant species and their 
communities. The status of five state-listed species (Eleocharis parvula, Samolus valerandi, 
Lilaeopsis chinensis, Agalinis maritima and Salicornia bigelovii) was examined. Although 
populations are currently stable, continued development (Bertness et al. 2002), invasive species 
(NYNHP 2006), sea level rise (Warren and Niering 1993; Crain et al. 2004), and other 
anthropogenic threats may lead to future declines in such coastal species (Vailela et al. 2006). 
Steps should be taken to ensure that scientists have the ability to research these plants while 
managers continue to work to protect what populations are left in the state. Conservation efforts 
should be focused on areas with high rare species diversity such as, the Salmon Falls, Lamprey 
and Cocheco Rivers as these each supported three or four species of threatened or endangered 
plants. These areas are of additional ecological importance as they support exemplary 
communities. One such community, brackish tidal riverbank marsh was shown to be particularly 
threatened by sea level rise as it is susceptible to coastal squeeze (Doody 2004) as there are 
migration barriers such as dams, development, and steep slopes bordering these communities. 
Protecting state populations of rare, threatened, and endangered species is important to 
protecting population diversity which is as much of a contributing factor to human economic 
health as species diversity (Ehrlich and Daily 1993). To ensure the long term survival of these 
plants and their communities, efforts must be made to conserve current habitat areas, restore 
historic habitat, and mitigate for any impending losses. Conservation of rare, threatened, and 
endangered species is not only an ecological issue because the biodiversity crisis is inherently 
linked to the greatest challenges humankind faces today such as war, injustice, and economic 
struggles (Ehrlich 1982). 
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Appendix A.1. Data from New Hampshire Natural Heritage Bureau summarized. Population Identifier corresponds with Figures 2.3-2.7 in Chapter 
2 (p 44 - p 48). 






Agalinis maritima Lubberland Creek Newmarket 2003-10-01 No 2003-10-01 Yes AM-1 
Agalinis maritima Hunts Island Creek Marsh Seabrook 1982-08-17 No 1982-08-17 Yes AM-4 
Agalinis maritima Kenney Brook 
Hampton 
Falls 1997-09-12 No 1997-09-12 Yes AM-4 
Agalinis maritima Beckmans Island Seabrook 1982-08-26 No 1997-09-19 Yes AM-4 
Agalinis maritima Crommet Creek Durham 1937 Yes 2003-08-26 Yes AM-2 
Agalinis maritima Locke Road, east of Rye 1982 No 1982-08-31 Yes AM-3 
Agalinis maritima Beckmans Island, SE Seabrook 1982-08-26 Yes 1997-09-17 Yes AM-4 
Agalinis maritima Mill Creek Seabrook 1982-08-26 No 1982-08-26 Yes AM-4 
Agalinis maritima Tide Mill Creek Hampton 1997-09-12 No 1997-09-12 Yes AM-4 
Agalinis maritima Sagamore Creek Portsmouth 1961 Yes 1997-06-18 Yes AM-5 
Agalinis maritima Shepard Brook Seabrook 1982-08-10 No 1982-08-10 Yes AM-4 
Agalinis maritima Seavey Creek Salt Marsh Rye 1984-10-12 No 1984-10-12 Yes AM-6 
Agalinis maritima Hampton Harbor Hampton 1916 No 1916 Yes AM-4 
Agalinis maritima Parsons Creek Marsh Rye 1988-1990 Yes 1997-06-25 No AM-7 
Agalinis maritima Berry's Brook Rye 1997-07-09 No 1997-07-09 Yes AM-8 
Agalinis maritima Dover Point Dover 1930-08-25 No 1933-10-01 Yes AM-9 
Agalinis maritima Lamprey River Mouth Newmarket 1973 Yes 1989-08-08 No AM-1 
Agalinis maritima Hunts Island Seabrook 1982 Yes 1997-09-17 Yes AM-4 
Agalinis maritima 
Blackwater River Salt 
Marsh Seabrook 1997-07-05 No 1997-07-05 Yes AM-4 
Salicornia bigelovii Sheafes Point Rye 1901 No 1901-09-19 Yes SB-4 
Saiicornia bigelovii Tide Mill Creek Hampton 1997-09-12 No 1997-09-12 Yes SB-1 
Salicornia bigelovii Crommet Creek Durham 1939 Yes 1989-09-19 No SB-2 
Salicornia bigelovii RR Tracks 
Hampton 
Falls 1982 No 1982-08-17 Yes SB-5 
Salicornia bigelovii Hampton Harbor 
Hampton 
Falls 1916 No 1916-09-08 Yes SB-5 
Salicornia bigelovii Hampton Harbor Hampton 1901 No 1901 Yes SB-1 
Salicornia bigelovii Rye Harbor State Park Rye 1959-10-03 Yes 1997 Yes SB-3 
Salicornia bigelovii Hunts Island Creek West Seabrook 1982 No 1982-08-17 Yes SB-5 
Salicornia bigelovii Seavey Creek Rye 1984 Yes 1997-06-26 Yes SB-4 
Salicornia bigelovii 
Blackwater River Salt 
Marsh Seabrook 1997-07-05 No 1997-07-05 Yes SB-5 
Salicornia bigelovii Causeway Road Seabrook 1982 No 1982-08-10 Yes SB-5 
Salicornia bigelovii The Sands Seabrook 1966 No 1982-10-11 Yes SB-5 
Salicornia bigelovii Beckman's Island Seabrook 1997-09-17 No 1997-09-17 Yes SB-5 
Salicornia bigelovii Durham Little Bay Durham 1947 No 1947 Yes SB-6 
Salicornia bigelovii Sagamore Creek Portsmouth 1973 Yes 1997-06-18 Yes SB-7 
Salicornia bigelovii Brown River Salt Marsh Seabrook 1931 No 1982-08-17 Yes SB-5 
Samolus valerandi 
ssp. parviflorus Camp Gundalow Greenland 1996-07-03 Yes 2009-11-12 Yes SV-1 
Samolus valerandi 
ssp. parviflorus Salmon Falls Rollinsford 1960 Yes 1989-08-09 Yes SV-2 
Samolus valerandi 
ssp. parviflorus 
Lamprey River Narrows --
North Shore Newmarket 1984 Yes 1989-08-04 Yes SV-3 
Samolus valerandi 
ssp. parviflorus 
Lamprey River Narrows --
South Shore Newmarket 1984 Yes 1989-08-03 Yes SV-3 
Samolus valerandi 
ssp. parviflorus Bellamy River Estuary Dover 1970 Yes 1989-08-11 Yes SV-4 
Samolus valerandi 
ssp. parviflorus Cocheco River Narrows Dover 1988-09-13 Yes 2004-09-05 Yes SV-5 
Lilaeopsis chinensis 
Lamprey River Narrows ~ 
South Shore Newmarket 1984-07-31 Yes 1989-08-03 Yes LC-1 
Lilaeopsis chinensis Salmon Falls Rollinsford 1960 Yes 1989-08-09 Yes LC-2 
Lilaeopsis chinensis Lamprey River Mouth Newmarket 1984 Yes 1989-08-04 No LC-1 
Lilaeopsis chinensis Bellamy River Estuary Dover 1947 Yes 1989-08-29 Yes LC-3 
Lilaeopsis chinensis Cocheco River Narrows Dover 1988-09-13 Yes 2004-09-05 Yes LC-4 
Lilaeopsis chinensis 
Lamprey River Narrows ~ 
North Shore Newmarket 1984-08-03 Yes 1989-08-04 Yes LC-1 
Eleocharis parvula Durham Point Durham 1937-08-22 No 1937-08-22 Yes EP-1 
Eleocharis parvula Lubberland Creek Newmarket 2006-07-20 No 2006-07-20 Yes EP-2 
Eleocharis parvula Berry's Brook Rye 1997-07-09 No 1997-07-09 Yes EP-3 
Eleocharis parvula 
The Great Roundabout and 
the Squamscott River Exeter 1996-09-04 No 1996-09-04 Yes EP-4 
Eleocharis parvula Cocheco River Narrows Dover 1988 Yes 2004-09-05 Yes EP-5 
Eleocharis parvula Garvin Brook Dover 2004-09-04 No 2004-09-04 Yes EP-6 
Eleocharis parvula Brackett Road South Rye 1997-06-25 No 1997-06-25 Yes EP-7 
Eleocharis parvula Marsh Road Pond Rye 1997-07-07 Yes 2008-08-01 No EP-8 
Eleocharis parvula 
Clements Point, Bellamy 
River Wildlife Sanctuary Dover 1996-08-01 Yes 1996-08-06 Yes EP-9 
Eleocharis parvula Odiorne Point State Park Rye 1997-09-26 No 1997-09-26 Yes EP-10 
Eleocharis parvula Stratham Station Point Stratham 1996-07-04 No 1996-07-04 Yes EP-11 
Eleocharis parvula Goffstown Goffstown 1934 No 1934-05-31 Yes EP-12 
Eleocharis parvula Rye Beach Rye 1806 No 1806-08-08 Yes EP-13 
Eleocharis parvula Moody Point Newmarket 1996-07-20 No 1996-07-20 Yes EP-14 
Eleocharis parvula Bellamy River Estuary Dover 1989 Yes 1989-08-11 Yes EP-15 
Eleocharis parvula Jewel Hill Brook Stratham 1983 Yes 1983-08-25 Yes EP-16 
Eleocharis parvula Hampton Harbor Seabrook 1896 No 1896 Yes EP-17 
Eleocharis parvula Wrights Island Seabrook 1997-10-06 No 1997-10-06 Yes EP-18 
Eleocharis parvula Hampton Harbor Hampton 1901 No 1901-09-22 Yes EP-19 
Eleocharis parvula Bayside Point Greenland 1996-08-05 No 1996-08-05 Yes EP-20 
Eleocharis parvula Salmon Falls Rollinsford 1983 Yes 1989-08-09 Yes EP-21 
Eleocharis parvula Packer Brook Estuary Greenland 1983 Yes 1989-09-15 Yes EP-22 
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Appendix B.1. NHA (University of New Hampshire's Albion R. Hodgdon Herbarium) specimen records. 







Agalinis maritima Dover: Bellamy River Brackish Hodgdon S.N. 8/25/1930 NHA-553370 
Agalinis maritima 
Durham: Durham Point 
Estuary Salt Marsh Hodgdon 3254 8/22/1937 NHA-553368 
Agalinis maritima Durham: Oyster River On mud Steele 1204 7/20/1949 NHA-553372 
Agalinis maritima 
Durham: Crommet Creek -
Durham Point Salt Marsh 
Hodgdon, 
Melchioe, 
Rawlins, Dunn S.N. 10/20/1955 NHA-553369 
Agalinis maritima 
Durham: Adam's Point -
Little Bay 
On marsh adjacent to cover 
of dense woods on higher 
ground Adams 153 9/24/1965 NHA-553371 
Agalinis maritima 
Portsmouth: Sagamore 
Creek Marsh Steele S.N. 9/10/1970 NHA-553372 
Agalinis maritima Newmarket: Lamprey River Saltmarsh Steele 4429 8/8/1973 NHA-553381 
Agalinis maritima 
Newmarket: Lamprey River 
Mouth on eastern Side Upper level of saltmarsh 
Hodgdon and 
Steele 19802 8/8/1973 NHA-553375 
Agalinis maritima 
Newmarket: Lamprey River 
Mouth on Northern side 
Upper edge of saltmarsh. 
Common and variable in size. 
Hodgdon and 
Wicks 20202 8/10/1973 NHA-553374 
Agalinis maritima 
Durham: Adam's Point off 
Durham Point Rd. 
Common in large patches 
along edge of salt marsh 
Philbrich, 
Philbrich, 




Salt marsh - very abundant in 
poorly drained salt pannes 
with S. bigelovii Straus S.N. 9/25/1981 NHA-553376 
Agalinis maritima 
Seabrook: East side of 
Causway Rd., North of 
Shepherds brook In wet pannes. 
Bertrand, 
Dunlop cz#358 8/10/1982 NHA-553378 
Agalinis maritima 
Seabrook: south of nuclear 
site Along stone wall 
Crow, Dunlop, 
Bertrand cz#430 8/17/1982 NHA-553380 
Agalinis maritima 
Portsmouth: Sagamore 
Creek (North Side) 
From edge of salt marsh, 
occasional in patches in 
Spartina patens. 
Bertrand, 
Dunlop cz#444 8/19/1982 NHA-553383 
Agalinis maritima 
Seabrook: N. side of Mill 
Creek, E. of Causway Rd. Salt marsh 
Dunlop, 
Bertrand cz#524 8/26/1982 NHA-553377 
Agalinis maritima 
Seabrook: N.W. side of 
Beckmans Island 
Dunlop, 
Bertrand cz#530 8/26/1982 NHA-553382 
Agalinis maritima 
Seabrook: S.E. side of 
Beckman's Island 
Seabrook: S. E. side of 
Beckmans Island 
Dunlop, 
Bertrand cz#531 8/26/1982 NHA-553379 
Eleocharis parvula 
Durham: Durham Point 
Estuary 
Durham Point Estuary, 
Durham, Salt Marsh Hodgdon 3123 8/22/1937 NHA-553390 
Eleocharis parvula Rollinsford: Salmon Falls 
Large patches well below 
high tide line particularly in 
rock clefts Hodgdon 11710 7/20/1960 NHA-553389 
Eleocharis parvula Seabrook: Cain's Brook 
Salt Marsh w. off Causeway 
st. Old damn by Beckman's 
Pond. 
Richardson and 
Breeding S.N. 8/16/1973 NHA-553388* 
Lilaeopsis chinensis 
Dover: along bellamy river 
1/5-1 mile above varney 
brook 
In dense strand of Spartina 
alterniflora Hodgdon, et al. 5424 9/23/1947 NHA-515791 
Lilaeopsis chinensis 
Rollinsford: Below mouth of 
Great Works River 
Samolus appearing well 
above it on river very 
common amongst Spartina 
alterniflora and below it in 
intertidal zone Hodgdon 11916 7/20/1960 NHA-515790 
Lilaeopsis chinensis 
Rollinsford: Salmon Falls -
2.5 miles below s. berwick 
me bridge 
On mud bank at high water 
level Adams 129 10/21/1965 NHA-515789 
Lilaeopsis chinensis 
Dover: Island in Cocheco 
River 
Collected from 1-2m^ patch, 
among Spartina alterniflora, 
S. pectinata, and Ranunculus 
cymballaria Moore S.N. 9/18/2007 NHA-515871 
Lilaeopsis chinensis 
Newmarket: Lamprey River, 
upper and lower narrows 
Collected from shallow peat 
in the intertidal. Associated 
species include Spartina 
alterniflora , S. pectinata and 
S. valerandi Moore S.N. 10/19/2007 NHA-516186 
Lilaeopsis chinensis 
Rollinsford: Confluence of 
Salmon Falls and Great 
Works River 
Collected along rocky shore 
in association with Samolus 
valerandi subsp parviflorus Moore S.N. 10/26/2007 NHA-516188 
and Spartina pectinata 
throughout the intertidal area 
Salicomia bigelovii Durham: Crommet Creek Hodgdon, et al. 4009 10/5/1939 NHA-553360 
Salicornia bigelovii 
Durham: Sassafras Island off 
north side of island - shingle 
Colony cove at Durham Pt. 
jeach Hodgdon, et al. 5472 9/23/1947 NHA-553359 
Salicomia bigelovii Seabrook: "The Rocks" 
Crow, Dunlop, 
Bertrand cz#432 8/17/1982 NHA-553361 
Salicornia bigelovii Seabrook: Nuclear Site 
Crow, Dunlop, 
Bertrand cz#431 8/17/1982 NHA-553362 
Samolus valerandi 
subsp. parviflorus 
Rollinsford: Salmon Falls 
River 
Rocky shore, near hide tide 
line 
Hodgdon and 
Harrington 5406 8/8/1947 NHA-553366 
Samolus valerandi 
subsp. parviflorus 
Rollinsford: Salmon Falls 
River opposite Great Works 
River 
Common at upper reaches of 
tides Hodgdon 11945 7/20/1960 NHA-553365 
Samolus valerandi 
subsp. parviflorus 
Rollinsford: head of estuary 
of salmon falls river Radcliffe B. pike S.N. 10/21/1965 NHA-553364 
Samolus valerandi 
subsp. parviflorus 
Rollinsford: Salmon Falls 
Estuary 2.5 miles below S. 
Berwick Bridge Riverbank Adams S.N. 10/21/1965 NHA-553363 
Samolus valerandi 
subsp. parviflorus 
Dover: Bellamy River 
Estuary at Sawyer's Mills 
Basal rosettes under bent 
over Spartina alterniflora 
mats Wise 780 10/28/1970 NHA-553367 
